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<< Plastid Distress Signal 


Plastids, including plant chloroplasts, are built and 
operated largely under the control of the nuclear 
genome. Largely, but not exclusively, plastids 
carry their own residual genome and can talk back 
when things go awry. Koussevitzky et al. (p. 715, 
published online 29 March; see the Perspective by 


The Cold Side of Plasmas 


lonized gases, or plasmas, are present through 
Cut the universe over a wide range of densities 
and temperatures, Some are extremely hot, such 
a5 in the Sun’s corona; others are very dense 
plasmas found within white dwarfs. Killian 

(p. 705) reviews recent work on an exotic class of 
plasmas in which the ions move in a neutralizing 
background of electrons at low temperatures. 
The ions undergo a rich variety of collective 
motions that provide challenges to computa: 
tional efforts, but may answer some of the cur 
rent questions about planetary interiors and 
laser-compressed materials 


Mercury's Molten Core 
Mercury is expected to have a metal core and 
silicate mantle, but thermal models make a wide 
range of predictions about the physical state of 


‘coherence. Dynamic coupling of the qubits would 
simplify the circuitry and allow the system to be 
‘broken up into smaller units. Niskanen et al. 
(p. 723) demonstrate dynamic switching of the 
coupling of two superconducting flux qubits via a 
third intermediate qubit, and illustrate the coher 
ence retention by running a quantum algorithm 
that detects hackers trying to infiltrate the system. 


Entangled Quantum 
Metrology 


The use of entangled quantum-mechanical 
systems is expected to lead to improvements in 
precision measurements beyond what can be 
achieved with classical physics techniques, 
Nagata et al (.726) used sets of four entan 
sled photons to demonstrate how interference 
‘measurements can reveal patterns expected of 


Zhang) now show that several signaling pathways 
that carry news of disaster from the plastid to the 
nucleus actually converge into one signaling path- 

way before the news emerges from the chloroplast. 
Thus, the nucleus receives a coherent report that inte- 
grates several aspects of chloroplast function. Gun’ pro- 
tein is identified as a key integrator within the chloroplast, 
and ABI4 as a key transcription factor within the nucleus that 
responds to the news by altering gene transcription. 


by Feldheim) report on an electrochemical 
route that creates tetrahexahedral (THH) plat 
inum nanoparticles (with a diameter of ~100 
nanometers) {rom larger Pt nanospheres that 
had been deposited on glass carbon electrodes, 
Aseries of square-wave redox pulses create 
these smaller nanocrystals that exhibit 24 high 
index facets such as the highly stepped (730) or 
(530) facets. Relative to the rounded Pt nano. 
spheres, the THH particles exhibit much higher 
activity for the electro-oxidation of formic acid 
and ethanol forthe same surface area, 


Going Off Road 


The density and distribution of roads is at the 
center of major questions in ecology, use of nat 
tural resources, and urban and transportation 
planning, A useful measure for comparison and 
‘analysis of change over time needs to be rela 
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field could be caused by remnant magnetization, | to high-precision measurements and the devel- | sensitiv to both 
Margot et al. (p. 710; see the cover and the ‘opment of quantum metrology with multiple the number of 
Perspective by Solomon) have used a novel entangled states. roads within an 
technique of radar speckle interferometry to area and their 
probe Mercury’s rotation dynamics. The planet éstrituton 
wobbles in longitude in synchrony withits88- | Platinum Nanocrystals with | watts et al 
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that can act as active sites for reactions. 
Nonetheless, mast of 2 metal nanocrystal’s sur 
face is made up of “low index” surfaces such as 
(111) facets that are flat and relatively free of 
defects. Tian et al. (p. 732: see the Perspective 


area, which essentially represents a volume. 
They have applied this metric, and the per 
‘capita equivalent, to all of the counties in the 
United States. 
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Turning the Tables with Mary Jane 


SOME OF THIS IS ABOUT—MARIJUANA. JUST SO YOU'LL KNOW, THERE'S NOTHING IN HERE 
about what we were all doing back in the day (though of course, we never inhaled), The reason 
to give marijuana some attention here is a legal case that has wedged open an important chaptet 
in the relationship between law and science. It pits some health activists against a law in the 
United States called the Data Quality Act (DQA), The turnaround is that DQA has usually 
helped industry fight off regulation. Not this time: here's the background. 

Many basic scientists would be uneasy if their primary data—not what's in their publications, 
but what's in the lab notebooks—would be available for others to fiddle around with and then 
publish a different conclusion. But in another scientific culture, that's routine. In the U.S. Food 
and Drug Administration, where science has regulatory outcomes, inspectors 20 
regularly into labs to look at the books. 

Well, these cultures occasionally met 
the ‘90s when the U.S. Environmental Protection Agency was revising the 
National Ambient Air Quality Standards for ozone and small particles, its 
stafT used the Six Cities Study. a Harvard School of Public Health an 
dem e concentrationsand mor 
Recognizing that Six Cities could 
industry demanded the primary data tapes so that they could reanalyze them. 
Harvard said no, but soon Congress took over. 

First, Senator Richard Shelby (R-AL) introduced an Amendment to the 
1999 Omnibus Appropriation Bill charging the Office of Management and 
Budget (OMB) to guarantee access, under the Freedom of Information Act, to 
data produced with the use of federally funded research. After two rounds 
‘of rule-making, OMB issueda final order putting the Shelby Amendment 
im regulatory form. That opened the door to the DQA. an amendment to 
the Paperwork Reduction Act of 1980. OMB, in response, required each 
establish guidelines ensuring the “quality, objectivity, utility 
integrity” of information it disseminates. DQA’s legislative history is sparse. 
because like the Shelby Amendment. it was tacked onto an appropriations bill in the dark 
Its real author was an industry lobbyist named Jim Tozzi, who had also worked on the Shelby 
Amendment. Thus, the DQA is often called “Son of Shelby.” 

It should not surprise us that the DQA has seen heavy use. The ink on the OMB revu 
had scarcely dried when the Center for Regulatory Effectiveness, headed by none other tha 
Tozzi, unged its constituents to use DQA to challenge the “junk science” offered to support 
health and environmental regulation. Naturally. the Center for Progressive Reform exhorted its 
troops to g c on the other side. Who won? It wasn't even close. By 2004, the Washington 
Post had counted 39 serious challenges under the DQA. of which 32 had been filed by industry 
‘or industry organizations. 

Now, back to marijuana, Americans for Safe Aecess (ASA), a group advocating marijuana 
ailability for severely ill patients needing pain or nausea relief, petitioned the Department of 
ilth and Human Services (HHS) under the DQA in 2004. They alleged that HHS made false 
statements in its publications and its Web site. in particular that marijuana “has no currently 
aecepted medical use in treatment in the United States.” ASA cited an Institute of Medicine study 
that acknowledged benefits from the use of marijuana and cannabinoid derivatives and referenced 
«double-blind clinical trials demonstrating relief from pain and vomiting, HHS delayeda response 
for months beyond its own deaulline, rejected the petition, and then rejected the appeal 

ASA finally brought its case to federal court asking it to substitute for the agency's false 
statement one that says, “Adequate and well-recognized studies show the efficacy of marijuan 
in the treatment of nausea, loss of appetite. pain and spasticity.” Will the judlge make HH’ 
c. giving ASA the injunctive relief it secks? We'll have to wait to see whether this case 
‘Salready clear that HHS has violated its own DQA guidelines 
12. you might say. one toke over the line. 


«10 generate political action, Back in 


ageney 


chang 


tums the tables on DQA, but i 


-Don Kennedy 
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‘Agarics—fungi that include the common mushroom—are diverse in morphology and in ecological niche: puffballs, gilled 
mushrooms, decomposers of wood, and mutualistic partners to ants. Alas, tracing their evolutionary radiations has been 
hampered by the dearth of fossil samples. 


Garnica et al. have performed a molecular analysis of nuclear genes and a microscopic analysis of agaric spore structure 


order to better understand the organization of this group. Using these two features, they rearranged relationships, such that 
some species were flung apart and others recognized as more closely related than previously thought. it appears that one major 
evolutionary innovation led to the acquisition of thicker walls and darker pigmentation of the spores. The authors 
suggest that these sturdier spores were better able to tolerate the relatively harsher conditions on dryland (and, in some cases, 
in herbivore digestive tracts), where water conservation and resistance to ultraviolet radiation can be a great help. — PIM 
‘Mycol, Res. 122, 10.1026), myces.2007.03.019 (2007), 


CELL BIOLOGY 
Outside Inside 

In macrophages that have been infected by HIV: 
1, the newly synthesized virions bud into an 


intracellular compartment, which has been 
thought to be derived from endosomes because 


it contains the endosomal membrane protein 
CD63. However, there currently is some contro 
versy about the site of viral budding because a 
variety of viral components are directly targeted 
to the plasma membrane and because virus 
assembly has clearly been observed on the sur 
face of infected T cells, 

Deneka et al. show that, although the bud 
«ding compartment in macrophages appears at 
first lance to be intracellular, it isin fact stilt 
connected to the cell surface and can be 
accessed directly from the extracellular 
milieu, The authors identify several 
(of the membrane proteins 


“intracellular” compartments 
accessible to horseradish per- 
oxide (blue) and anti-CD82 
(ed) contain virus (green), 


three members of a protein family 
known as tetraspanins, CD81, CD9, and 
CD53—that define this unanticipated 
membrane domain, and confirm that a similar 
compartment exists in uninfected cells. These 


membrane-delimited structures were accessible 
to two membrane-impermeant molecules (horse 
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| radish peroxidase and rutheniu 
th 
{ong as the cells were kept at 4°C to prevent 
active uptake). These findings are consistent with 
recent work by Welsch et al. and by Jouvenet et 

ether support the notion that HIV 


red) added to 
xternal medium and also to antibodies (as 


‘normally buds from the plasma membrane dur. 

ing productive infection. — SMH 
J. Cell Biol. 177, 329 (2007); PLoS Pothog. 3, €36 
(2007); PLoS Biol. 4, 0435 (2006). 


cHemistey 
A Material Difference for DFT 


The accuracy of density functional theory (OFT) 
Calculations, which is limited by the approximate 
treatment of the exchange-correlation (XC) func 
tional, canbe tested for small systems by wave 
function methods. n systems too large to eas 
ily apply such atest, especially those with 
strong electron correlations, it has of 
been hoped that the errors in total 
energies would cancel out when dif 
ferences were evaluated. An example 
vthere this cancellation fails is the 
low-coverage adsorption of CO on 
close-packed surfaces of copper and 
platinum, for which DFT calculations favor 
the threefold hollow site over the experimen: 
tally determined “on top” site (binding to just 
‘one metal atom) by atleast 0.4 &. Hu et a. per 
formed high-level quantum chemistry calcula 
tions on small metal clusters (copper and silver) 
to evaluate the XC energy error of DFT. The XC 


correction (the difference between the energy 
{rom DFT and that from the higher method) 
varies for different methods and continues to 
change as cluster size increases. However, 
because of the short-range nature of this error, 
the differences in the XC correction between dif 
ferent types of sites on the cluster converge to a 
constant at cluster sizes as small as ~20 atoms, 
By applying this correction to the DFT results, the 
authors obtained the correct on-top site prefer 
ence for CO on copper, as well as the correct 
result for silver. This approach can also be 
applied to bulk systems and defects. — PDS 
Phys. Rev. Lett. 98, 176203 (2007) 


BIOCHEMISTRY 
Through the Side Door 


The hydrolysis of peptide bonds is a common: 
place biochemical reaction and is catalyzed by 
innumerable proteases and peptidases, most of 
which have excruciatingly well-documented 
mechanisms. Because both of the reaction sub: 
strates are hydrophilic, itis not surprising that 
these enzymes are found and do function in 
‘aqueous compartments; a handful of proteases 
are, however, integral membrane proteins. 
Recent structural descriptions of the bacterial 
enzyme GipG have placed the catalytic serine 
residue at a depth of about 10 A beneath the sur 
face of the lipid bilayer, which fits with the pre- 
dicted location of the hydrolyzed peptide bonds 
in known intramembrane protease substrates 
Baker et al. have mutated carefully chosen 


iencemag.org 


‘esidues in GipG and assessed the ability of the 
‘mutants to cleave the Drosophila protein Spitz, 
Which is the substrate of the Drosophila intra 
‘membrane protease Rhomboid. They find that 
the substrate is likely to gain access, not by lifting 


the lidlike L1 loop on top of the active site, but by 


entering from within the lipid bilayer via a dis 
placement of transmembrane helix 5, in a man- 
ner that is reminiscent of the translocon-medi 
ated expulsion of newly synthesized membrane 
proteins. — GIC 
Proc. Natl Acod. Sc. USA. 
10.1073/pnas.0700816104 (2007) 


CHEMISTRY 
Water Lends a Hand 


Although the global chirality of molecular 
aggregates is strongly influenced by the 
individual chirality ofthe building blocks, 
itis not generally a simple matter to pre 
dict one from the other Ina series of careful 
‘experiments, Johnson et al. uncover the subtle 
environmental factors that determine the helical 
handedness of rosette nanotubes assembled in 
solution from small organic heterocycles bearing 
achiral side chain, The heterocycles (which are 


EDITORS'CHOICE 


self-complementary toward hydrogen bonding) 
first form hexameric supermacrocycles, which in 
turn stack into a helical arrangement. Dissolu: 
tion of a single enantiomer of this building block 
{in methanol gives rise to one helical isomer, but 
addition of as litle as 1% water to the solvent 
instead induces opposite helicity in the stacks, 
The authors show that the water-induced product 
is thermodynamically favored, but faces a larger 
Kinetic barrier than its counterpart to formation 
in pure methanot 
(though aggregation in 
both senses appears to 
bbe accelerated in the 
absence of water). They 
further find that chiral 
inversion ofthe kinetic 
isomer in methanol 
can be catalyzed by the 
thermodynamic iso: 
met. inversion is also 
possible at an early 
stage by heating, 
though after 3 days the kinetic isomer becomes 
stereochemically locked, a result atributed in 
part to extensive solvation. — MSL 

‘J-Am. Chem, Soc. 129, 5735 (2007), 


Rosette helical stacks. 


<< miRNAs Have Big Effects in the Heart 


MicroRNAs (miRNAs) are important regulators of gene expression. 
during development, through their ability to turn off the translation of 
targeted mRNAs. Two studies describe how miRNAs contribute to heart 
development and physiology [see also van Roolj et al, Science 326, 
575 (2007)]. Yang et al. show that miR-1 abundance increases in 
patients with coronary heart disease and in rat models of cardiac infarction (heart attack), spect 
ically inthe ischemic area relative to the expression in the nonischemic area. Archythmias often 
‘occur after a heart attack and, in the rat model, delivery of an antisense oligonucleotide (which 
decreases the abundance of mif-1 in the myocardium) decreased postinfarct artythmias. Con 
versely, overexpression of miR-1 increased the occurrence of postinfarct arrhythmias and pro: 
‘moted arrhythmia in healthy hearts. The pathophysiology appeared to result from slowed con. 
‘duction and depolarization of the heart, which were reversed by treatment with the miR-1 anti- 
sense oligonucleotide. Sequences complementary to miR-1 were present in the 3"-untranstated 
Fegions of the transcripts for the Kir2.1 subunit of the potassium channel, which is primarily 
responsible for setting the resting membrane potential, and for the connexin 43 gap junction 
protein, Indeed, these two proteins were less abundant in rats that had experienced myocardial 
infarction, and this drop was eliminated if the rats were treated with the antisense oligonu~ 
cleotide to miR-1. To verify that these two proteins were responsible for the archythmias, each 
was knocked down by RNA interference, and this caused arthythmias in ischemic hearts. 

Zhao et al. examined the role of mi-1-2 in heart development and found that homozygous 
knockout mice showed an increased occurrence of death due to ventricular septal defects, which 
may have been the result of increased abundance of the transcription factor Hand2 (a key regu- 
lator of cardiac morphogenesis). Mice that survived exhibited cardiac hyperplasia due to an 
increased number of postnatal cells undergoing cell division. These mice also exhibited cardiac 
arthythmias, which appeared to be due to altered potassium channel abundance as 2 conse- 
‘quence of increased abundance of the transcription factor IrxS (a repressor of the potassium 
channel gene Kend2). — NRG 
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Nat. Med. 13, 486 (2007); Cell 129, 303 (2007). 
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SPOTLIGHT: SINGAPORE 


Dr. Judith Swain Leads the 
Singapore Institute for Clinical Sciences 


Professor Judith L. Swain i 
Singapore Institute 
Agency for Science 


regarded as one of the worlds lead 


served as Professor of Medicine 


the Founding Din 


served as Arthur Bloomfield 
of Medicine 


Swain's research 


Technology 


Dean for Translat 
f the College 
University of California San Diego. Prior to 
Profes: 
at the Stanford University Schc 
interest has 


the founding Executive Director of the 
for Clinical Sciences (a research institute of the 


and Research, 
molecular c 

ional Medicine a 

Integrated Life 


A’Star) 
diologists, 


her tenure at UCSD, she 
and Chair of the Department 
a1 of Medicine 


cardiovascular 


Professor 


been in system 


development and now includes human performance in extreme and 


complex environments. 


&A 


What unique opportunities 
does Singapore present for 
biomedical research? 


9) 


The biomedical research effort in 
Singapore is unique in several ways. 
First and foremost, there is a clear 
and long-term commitment by the 
government to the biomedical 
research enterprise. Second, there 

is an excellent basic research 
community already in place, and the 
facilities and resources to support 
these investigators. 


What is Singapore's advantage? 


Clinical and translational research 
requires a coordinated effort 
between the basic research 
institutes, medical schools and 
hospitals and the biotechnology 
and pharmaceutical industries. 
Singapore is small and nimble 
enough to bring these different 
components together in a way that 
is difficult, if not impossible, to do 
in other places. 


What else about Singapore 
attracted you to the country? 


There isa “can do” attitude in 
Singapore that is infectious. 

Also, the people | work with are 
wonderful and have been terrific 
about introducing us to the culture 
of Singapore. I've spent the last 25 
years recruiting physician 
investigators and building 
translational and clinical research 
programs. The move to Singapore 
allows me to help develop 
programs in a region of the world 
that is rapidly growing and where 
there is a strong commitment to 
building and supporting the 
biomedical research enterprise. 


Please tell us about the 
Singapore Institute for 
Clinical Sciences (SICS)? 


The goal of this new A'STAR 
institute is to become a bridge 

for research programs between the 
other more basic research institutes 
in A*STAR and the medical schools 
and hospitals in Singapore, For 
instance, a new program in our 
institute will focus on metabolic 
diseases such as diabetes and 
obesity, and will span from 
laboratory-based studies to studies 
in humans. 


Translational medicine is one 
of today’s hot buttons. How 
do you see scientists in 
Singapore contributing 

to its development? 


| define translational medicine as a 
two-way process — utilizing 
knowledge gained from the 
laboratory to develop new 
therapies and diagnostic agents, as 
well as utilizing the knowledge 
gained from studying patients to 
better understand disease 
processes. The strong basic science 
carried out in Singapore, together 
with outstanding medical care 
provided by clinicians and clinician 
investigators and strong public 
and private support for research, 
provide all the ingredients 
necessary for success in 
translational research. 
Additionally, Singapore is uniquely 
suited to play a leading role in 
understanding diseases that have 
a high incidence in Asians and in 
developing therapies to treat 
these diseases. 


Who are some of the 
scientists you look forward to 
working with in Singapore? 


Aslam fond of saying, clinical and 
translational research is a team 
sport. I have already met a 
number of scientists — basic 
scientists, clinician investigators, 
engineers — at A°STAR and the 
medical schools and very much 
enjoy working with a wide range 
of people here. 


Are there other areas of 
research in Singapore that 
you feel are particularly 
significant? 

I'm impressed with the physical 
and computer sciences in 


Singapore. The students as a whole 
are well versed in math and 


science and there is real excitement 
about undertaking quantitative 
science. Young scholars in 
Singapore have an advantage over 
those in other places because of 
the strength of math and science 
education in the schools. 


What role have opportunities 
in stem cell research played in 
your decision to move? 


Singapore's approach to stem cell 
research is an excellent indication 
of Singapore's approach to science 
in general: study the issues, 
provide a strong ethical framework 
in which to work, and then get 
going. It is nice to see a country 
able to articulate the issues, 
develop a plan and then carry out 
that plan in a timely fashion. 


How will Singapore's Biopolis 
complex help further your 
research? What do you like 
about the Biopolis? 


The Biopolis is a wonderful 
facility in which to do science. 

The laboratories and equipment 

are state of the art. But the best 
thing about the Biopolis is the 
people — wonderful and inquisitive 
trainees, excellent staff and strong 
lead scientists. 


iopolis, Singapore's biomedical sciences hub 


See you in Singapore at: 
Healthcare Information 

& Management Systems 

Society (HIMSS) 

May 1518, 2007 


wwwhimssasiapacorg 


27th Intemational 
Epilepsy Conference 
July 8-12, 200 


ww.epilepsysingapore2007.0rg 


ANGS World Glaucoma Congress 
July 18-21, 2007 


wwwglobalaigs.on 


1Bth WONCA World Conference, 
Genomics & Family Medicine 
July 24-27 


www.wonca2007.con 


American Association for Cancer 
Research (AACR) Centennial 
Conference: Translational 
Cancer Medicine 

November 4-8, 2007 


World Healthcare Congress Asia 2008, 


www.worldcongress.com 


For more information, contact: 


ingapore Exhibition & 
Convention Bureau 


1156 Avenue of the America 
Suite 702 

New York, NY 10036 

(212) 302-4861 


newyork@stb, 


5670 Wilshire Blvd. 
Suite 1551 

Los Angeles, CA 90036 
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You know, ScienceCareers.org 
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That means they’re putting 
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Malaria-causing 
plasmodium. 


Taking Aim at Little- 
Studied Diseases 


Is the Achilles’ heel of the malaria parasite one 
‘of the proteins that enable it to proliferate 
prodigiously in human liver cells? Or maybe 
one of the genes that activate when It takes up 


to's salivary 
This new database, launched by an 
international team of scientists 
an help pin down potential drug 
targets for malaria and other 
es, mainly tropical on 
ve gotten short shrift from 
pharmaceutical companies 


residence in a female mosq 


For five killer pathogens, including the 
tuberculosis bacterium and the parasite that 
causes African sleeping sickness, the TOR 
Targets Database compiles genomics data from 
GeneDB, Tubercul 
hoping to improve their molecular marksmanship 
can hunt for proteins by structural features, 
including how many segments penetrate the 
cell membrane, of by whether they ar 


.t, and other sources. Users 


for survival. The entries also rank potential 
ity,” 
mall molecules are 


targets on measures such as “druggabi 


which indicates whe 
likely to stymie them, 


Wolf Clones in the Clear 


Seoul National University announced last week 
that despite sor 


¢ sloppy editing of their report 
researchers have indeed cloned two wolves. 
Readers questioned some statistics in the report, 
published in March in the journal Cloning and 
Stem Cells, and the journal took it off its Web» 
site (Science, 20 April, p. 347). But aft 
investigation, the university accepted researcher 
Byung-Cheon Lee's claim that he had made a 


simple mistake in calculating the success rate 
for wolf cloning, Furthermore, it appears that a 
junior researcher accidentally pasted in the 
‘wrong table showing some DNA data. The 
journal is waiting to receive the official report 
before putting the revised paper back online 


Shivering With the Sun 


The sun vibrates tike a ringing bell. Now 
scientists are finding that the whole Earth 
‘and many things on and near it—even cell 
phones—dance along. 


Ni 
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ne is the thin solar wind | solar modes jiggling Earth's plasma filled 
magnetosphere, the ionosphere, the 
‘geomagnetic field, the atmos 
phere, and Earth itself as 
revealed in seismic records 
of the planet’s “hum. 
While troubleshooting a 
‘Midwestern cell-phone 
system, Thomson stum: 
bled across solar-mode 
frequencies in upswings 
inthe rate of dropped 
calls, related perhaps to 
elfects in the ionosphere. 
Finding Earth and every 
thing around it shimmying toa 
solar beat “is alittle bit hard to 
swallow,” says seismologist John 
Orcutt of Scripps Institution of 
Oceanography in San Diego, 
California, But at least on the seismic side that 
rong story 


What carries the 
blowing through the solar system, | 
When statistician David Thomson 
‘of Queen’s University in 
Kingston, Canada, and 

reported that 
the wind vibrates at 
the same distinctive 


colleagu 


frequencies as the sun, 
skepticism ran deep 
Goence, 14 July 1995, 
p. 160). Turbulence 
should wipe 
solar vibrat 


uit such 


But those doubts are lifting 


and now the team has extended 
its search for solar mod 

Im the May Procee 
IEEE, th 
how they us 
‘methods to unearth signals buried in the random 


The sun oscillates in and 
‘out (reds and blues), 


sof the 


searchers 
mathematical 


noise of geophysical records. They have found he's looked at, “ think it’s a go 


A Long-Lost Relative 


Lonesome George, a Galapagos giant tortoise locally known as Solitario Jorge, is called the 

3 living creature” by Guinness World Records. After a futile worldwide search in 200s to 
others from his home island of Pinta and failed efforts to get him to mate—including tly 
70-year-old George seemed destined to stay 


fi 
ing in a Swiss zoologist to extract some sperm 
the last of his species 

Until now. A team of geneticists led by Adalgisa Caccone and Jeffrey Powell at Yale University 
report this week in Current Biology that, after analyzing DNA from 27 tortoises on neighboring 
Isabela Island, they've found a relative. One male turned out to be a cross between the native 
species (Geochetone becki) and George's (G. abingdoni). Caccone says she plans to lead a bigger 
‘expedition back to the Isabela Island turtle population—which may umber up to 8000—to 
1000 more. “Chances are quite high that there’s a pure Pinta individual out there, says 
Caccone, which means hope yet for finding George a mate or even an extended family 

“It's good to have a positive story in our world of diminishing biodiversity,” says Oliver Ryder, 
ticist at the San Diego Zoo in California. But justin case no kin turn up, the z00 hopes to 
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From primates to 
proteomics research 


For careers in science, 
turn to Science 
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the right job, and to delivering the useful advice you _ world. ScienceCareers.org is the natural selection. 
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AWARDS 

NSF HONORS. Exciting, informative, possi 
bly even bubbly: These descriptions of a 
chemistry demonstration also define the per 
sonality of Bassam 
Shakhashiri, who 

has spent a lifetime 
popularizing chemistry. 
On 14 May, the National 
Science Foundation 
(NSF) will bestow its 
Public Service Award on 
Shakhashiri, a chemistry 
professor at the 
University of Wisconsin, 
Madison, for raising 
public understanding of science 

As head of NSF's education directorate 
in the 1980s, Shakhashiri helped revive a 
© budget slashed during the first years of 
the Reagan Administration. He has worked 
tirelessly to spread science literacy at every 
possible venue—from classrooms to retire: 
ment homes. He's brought his “Science Is 
Fun” message to radio and television, where 
he's known for his annual PBS program 
¥ “Once Upon a Christmas Chery in the Lab 
& of Shakhashiri.” “I urge fellow scientists to 
commit themselves to promoting science 
titeracy, "he says. 

NSF is also recognizing physicist Shirley 
Jackson, president of Rensselaer Polytechnic 
Institute in Troy, New York, for her contribu- 
tions to research, education, and policy. The 
Vannevar Bush Award is the foundation's 
tribute toa lifetime of public service. 
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STAR COMPANY. It sounds like the opening of some nerdy joke: A bil- 
lionaire and a cosmologist go fora horse-drawn carriage ride. But Texas 
¢ Mitchell and famed cosmologist Stephen Hawking 
did just that last month at Mitchells 2400-hectare spread outside 
Houston. The unlikely bond is part of Mitchell's effort to elevate hisalma 


Got a tip for this page? E-mail people@aaas.org 


lw create 


professorships. H 
rations betw 


Mitchell. He became 


man,” Hawki 


FUELING DRUG DISCOVERY. Three 
researchers whose work revolutionized drug 
development have won one of medicine's 
‘most Lucrative prizes. The $500,000 Albany 
Medical Center Prize in Medicine and 


Biomedical Research, awarded last week, will 


be shared by Robert Lefkowitz, 64, of Duke 
University Medical Center in Durham, North 
Carolina; Solomon Snyder, 68, of Johns 
Hopkins University School of Medicine in 
Baltimore, Maryland; and Ronald Evans, 58, 
of the Salk Institute for Biological Studies in 
San Diego, California. 


The three, friends but rarely collaborators, 


set out several decades ago to find and char 
acterize receptors, proteins on the inside or 
outside of a cell that bind to different mole 


Honors >> 


HOT STREAK. A medical doctor who turned to research, Japanese immunol- 
innate immunity as a topic 10 years ago at a time 
when most work in the field concentrated on acquired immunity. Today, the 
(Osaka University researcher's name is on everybody's lips, to judge by the 


gist Shizuo Akira ch 


scientific literature. 


For the second year in a row, Akira has earned the title of Thomson 
Scientific’s “Hottest Researcher,” thanks to authoring seven of the most 


mater, Texas A&M University in Colley 

and theoretical physics. 
Since he met Hawking in 2002, Mitchell has de 

than $50 million to support cosmology research at Texas A&M, helping, 


in Texas A&M researc 
the University of Cambridge in the U.K. 

've been interested in cosmology since I was 15 years old but I had 
to find something in which I could make a living 
a petroleum et 
and Development Corp,, which he sold in 2002. 
told the Houston Chronicle last m 
Us... to attack some of the most challenging 


¢ Station, into the highest ranks 


ated slightly more 


a center for fundamental physics and endowing 10 chaired 
also chipping in $250,000 per year to support collab- 


sand Hawking and colleag 


says the 87-year-old 
neer and founded Mitchell Energy 


‘George isa remarkable 
nth, “He has enabled 
problems in cosmology, 


cules and help determine how cells behave. 
Inthe 1970s, when they began looking for 
receptors, there was “tremendous skepticism 
as to whether such things really existed, 
says Lefkowitz, who trained as a cardiologist 
before being drawn to the lab. 

Inspired partly by President Richard 
Nixon's war on heroin, Snyder discovered 
the opioid receptor, the target of this class 
of drug. Lefkowitz hit on receptors for 
adrenaline and noradrenaline, and Evans 
found a key hormone receptor. Since then, 
other scientists have discovered hundreds 
more receptors that have helped drug 
companies craft new therapies for asthma, 
cancer, schizophrenia, high blood pressure, 
and other conditions. 


hhighty cited scientific papers over the last 2-year period. Akira's work focuses om 
(on what are called Tol-like receptors (TLRs), which play a crucial role in the early immune response 
to invading pathogens. Bruce Beutler, an immunologist at Scripps Research Institute in San Diego, 
California, says Akira not only created knockout mice for all 10 known TLRs but also determined the 
function of these receptors and showed how the signaling molecules interact, “Shizuo has been 
adroit in picking an emerging topic and going after it in an enviable way,” says Beutler. 

‘Akira laughs when asked whether he can score a third time. His main area—the signaling path- 
way involving TLRs—has been well explored. And he has “no idea” whether he can continue to best 
the competition as the field moves on to other topics. 
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U.S. SCIENCE POLICY 


Congress Gives Rousing Support 
To Cluster of Innovation Bills 


The US, Senate has a reputation 
for lookin 
House for attend 
Both bodies followed that pattern 


picture, the 
to details. 


last week, passing a collection of 


bills that would significantly 
boost the government's support 


for research and training. The 


White House opposes most « 
bills, which draw heavily from a 
2003 National Academies’ report. 
but the lopsided margins of vie~ 


tory suggest that they could 


become law ifthe Demoeratic- 
controlled Congress decides to 
make them a priority 

The Senate bill, called the 
America COMPETES Act(S. 761} 


is the more impressive accomplishment, The 


Acronym sums up its sweeping nature: Cre 
ing Opportunities to Meaning fully Promote 


Excellence in Technology, Education, and Sei- 


ence, Nearly 2 years in the makin 


itisa 
bipartisan measure with 63 co-sponsors and 


RESEARCH FUNDING 


‘A House united. Repr 
innovation ag 


Sea Ey 
x SOVAT NG! 


ida after last week's votes. 


the support of the chairs and ranking members 


of three com 


tees with jurisdiction over 
nost of civilian science and 
This 


resents the best way for our cou 


several federal agencies, 


rep. 
Fy to keep its 


advant 


brainpowe and our brainpower 


entative Bart Gordon (D-TN) touts the Democrats’ 


advantage is the way we keep good-paying 
jobs from said Senator 
Lamar Alexander (R-TN), after the 25 April 
vote, immodestly calling it “the biggest piece 
ation in Congress this year 

Thebill, which passed by a margin of 88 to 
sar dou 


8, would authorize a 5 


Science 


lesser but still substantial hikes for 
the Office of Science at the 
of Enengy (DOE) and 
the National Institute of Standards. 
and Technology (NIST). It would 
fund new and expanded education 
and traini sat NSF 

DOE, and the Department of Edu 
II levels, from elemen- 
igh graduate schools, Ina 


statement before the vote oppos- 
ing passage, the White House 
budget office called the authoriza- 


tion levels “excessive and inappro- 
lained about the 


priate” and com 
unnecessary bureaucracy and 
ns." The Administration has 
proposed a 10-year budget doubling for NSF 


DOE science, and NIST’s in-house labs in 


education prog 


its American Competitiveness Initiative 
(Science, 17 February 2006, p. 929), 
Meanwhile, the House is moving several 


European Research Council Deluged After First Call for Proposals 


When the leaders of the European Research 
‘Council (ERC) started planning theie first call 


for proposals last year, they expected 
enthusiastic response from scientists secking 


a slice of the €290 million in research 
funds—perhapsas many as 3000 applications 
for the 200 to 250 grants the ERC planned to 
give out to youn archers in 2007 
Instead, when the deadline for the first round 
had passed last week, 9167 proposals had 
flooded in—an “astonishi 
a Nowoiny, vice-chair of the ERC’s 
tific coun 


res 


‘number, says 


ha clear vote of confidence for the 
new funding agency, Nowotny says, the 
response by Europe's scientists also poses an 
acute problem: how to winnow out more than 
97 


of the proposals on a very 
timetable, “It’s horrendous,” says Frank 


4 MAY 2007 


Gannon, the outg 
Molecular Biology Organization in Heidel- 
berg. "Numbers like that are very 
hard to handle for any funding 

The ERC will 
to individual scientists, based only on the qual: 
ity of their grant proposal. That’sa novelty for 
the E.UL which has traditionally funded larg 
networks of labs and companies across the 


ing head of the European 


ive out basic research grants. 


continent to do mostly applied research. 

The del 
process, promises ERC Chair Fotis Kafatos of 
Imperial College London. The 
ing hundreds of extra reviewers to provide 


romise the review 


Won't comy 


xency isenlist- 


ts to the 20 review 


written analyses o} 
panels originally planned, 

A possible downside of the mammoth 
umber of proposals is that a very low s 
future applicants. Bu 


rate may discoura, 
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Nowotny points out that a scientist's invest- 
preparing a four-page pro- 
is relatively small for the payof; The 


ment of time 


posi 
review panels will be asked to pare down the 
applicants by more than 90% during meeting 
in June, so that those who make it through have 
between a 30% and 50% chance during the 
second stage, which includes writing a more 
detailed proposal and possibly interviews. 
Meanwhile, the ERC is preparing to launch 
und for advanced 


a second funding 


researchers later this year 
The huge interest in this first round sends a 
clear message to European politicians, says 
Peter Nijkamp, chair of the Dutch funding 
agency NWO: The ERC was sorely needed. 
but its budget—€7.5 billion for 2007 
2013—is “absolutely insullicie 
“MARTIN ENSERINK 


bills tha 
call their Innovation Agenda; it pre 


are part of a package the Den 


s the 


president's propos 


the academies” Risi we the Gathering 


Storm report (Science, 21 October 2005, 
1p. 423), Last week, with fewer tha 
dissenters, the House passed H.R. 3 
SF pre 
ence and math teachers a 


dozen 


which 


would boost AMS to 


\d encourage more 


students to pursue research careers, and 


H.R. 363, which increases support for young 


ASTROPHYSICS 


Deep Ringing of the 


How do you peer through a star’s worth of 
multimillion-degree roiling plasm 
the innermost workings of the sun 


Very 
steadily, fora very long time, from very far 
away, it turns out 


Researchers report online in Seience thi 


week (www.sciencemag.org/egi/eontent 
abstract/1140598) their analysis of 10 years 
of continuous observation from a perch just 
sunward of Earth, They believe they are the 
first to reliably detect excruciatingly subtle 
vibrations in the solar surface coming from 


sing the newly identi 


the sun’s very core. L 
fied oscillations asa probe, they 
have found strong hints that the 
core is rotating faster than the rest 


of the sun, Such extra zip may be 


wer from the sun's formation. 


People have been looking for 
these [vibrations] for 30 years, 
says solar physicist John Harvey 
of the National Solar Ob: 
tory in Tucson, Arizona, If con- 


‘going to be one of the big mile- 


stones of helioseismology”—the 
field in which researchers study 
the solar interior using the sun’s 
bell-like 
internal churn 


et off by 


Probing the shallow solar inte- 
rior has lon 


helioseismologists had never 


modes” of 


before detected 


vibration. Some of these long- 


sought waves pass through the tiny 
solar core where fusion ons 


power our star, Little wonder 


investigators, This week, it was expected to 
NSF and NIST 
create a nimble 


pass reauthorization bills 


Waiting in the wingsis a bill 
energy research entity modeled after the Penta- 
gon’s Defense Advanced Resi 
Agency. The piecemeal legislation is consis 


tent with the pl 
House Science 


sophy of 


ind Technolo, 
Representative Bart Gordon (D-TN). 


ich Projects 


Committee, 


ce tightly focused bills stand a 


The Senate is not expected to take up the 
House bills, meaning 


hat the next steps could 
be a conference committee appointed by Sen- 
ie Majority Leader Harry Reid (D-NV) and 
House Speaker Nancy Pelosi (D-CA). But the 
final format of such legislation is hazy at thi 
point. “Given the overwhelming support for 
these bills, iFthey really want to make it hap- 
pen, they can do it” stys one ageney lobbyist 
But how do they craft the right packag 
JEFFREY MERVIS 


That’s the question, 


Sun Hints at a Speedy Core 


hey ‘ve eluded searchers. The g (for gravity) 
mode vibrations probably originate when 
down-rushing plumes pummel the stable deep 


interior. Some of the resulting waves continue 


downward and pass throug! 
tually reach the surface 
they are feeble. raisin 


at only 


To detect 


per secon 


surface, helioseismologists Rafael Garcia 


\ 


collea 


mic Energy Commis: 


he Astrophysics Service of 


he French 
nin Sack 


and 
10 the Global Oscillation a 


One hot onion. The spaceborne 
GOLF instrument can peel back the 
layers of the sun to probe the core 

entral white zone) using solar vibrations. 


SCIENCE 


the core but even- 
By then, however 
‘or lowering the surface 


Low Frequencies (GOLF) instrument 
onboard the Solar and Heliospherie Obser 
vatory. GOLF had been staring at the sun for 
ola 


10 years, measuring how the entire 


disk rises and falls by examining 
for any Doppler shift 


ali 
According to solar 
raising and 


ht 


lowering a whole hemisphere every few 
hours or so amid the far stronger, shallowly 
propagating p (soundlike) modes and noise 
of the turbulent sun 

Relying on the long observational record 
and the distinctive spacing of g-mode periods 
Garcia and his colleagues report that they 
have detected the signature of g modes in 
GOLF data, with a likelihood of 99.3% or 
better. With less confidence, by comparing 
modes, they 


the observations with model 


see signs that the core is spinning three to five 
times faster than the overlying middle layer of 
the sun, That extra spin could be lingering 
from the sun’s formation, while the outer lay 
nal momen: 


tum over the cons to the mass of solar wind 


particles f 


Garcia and his colleagues “are likely to 
have seen an interesting pattern of 
ays Juri Toomre of the Univer- 
“The trouble is, 


nstraints to make 


sity of Colorado, Boulder 
there are not enough © 


very many inferences” about the core. Many 
poorly known properties of the core affect 
I's just 


the character of g modes, he notes, 


avery tough 


1" To score more points in 
ame, researchers are look 
ng GOLF instrument with an 


the g-mode 


replace the 


even keener eye in the sky. 
“RICHARD A. KERR, 
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U.S. SCIENCE FUNDING 


DOE Cures Pork Project With Peer Review 


Long dependenton the patronage of powerful 
USS. senator, a New Mexico neuroima, 
‘center has discovered a new route to govern- 
ment research dollars: the front door at the 
Department of Energy (DOE), But the way it 
got there has left some lawmakers with the 
impression that the center is still benefiting 
from its congressional patro 

Like other facilities with special ties to 
Capitol Hill, the Mental tliness and Neuro- 
science Discovery (MIND) Institute at the 
University of New Mexico in Albuquerque 
began this year with a daunting challenge. 
The final 2007 federal budget was largely 
devoid of earmarks (see graph): money that 
lawmakers designate for pet projects, bypass- 
ing an agency's competitive funsling proce- 
dures. The MIND Institute has received 
roughly $10 million a year from DOE since 
1999 courtesy of Senator Pete 
Domenici (R-NM), longtime 
chair or ranking memberof the 


Senate panel that oversees 75? 
DOE's Office of Science and 
anoutspoken advocate ofmen= 2000: 
tal health research, 

But this spring, forthe first 4500 
time, the MIND Institute suc- 8 
cessfully ran the gauntlet of yyy 
DOE's peer-review system and 
is about to receive $7 million 
for neuroimaging studies on ‘500 
schizophrenia, addiction, and 
criminal behavior, The MIND 


Institute is one of only a hand- 
ful of institutions to avail them 
selves of an unusual oppor- 
tunity: After Congress stripped 
‘earmarks from the 2007 busl- 
get, DOE said it would be 
Willing to review proposals 
from institutions that were in 
line to receive earmarked 
funds. Even before DOE off 


cially announced that offer, 
however, the MIND Institute 
had already submitted a 700- 
page proposal. DOE spokes- 
person Aimee Whitelaw says 
three others have applied and one is pending. 

c 


ated in 1999, the center has shared a 
ree fraction of each year’s earmark with its 
partners, including Massachusetts General 
Hospital in Boston. In 2003. the MIND Insti- 
tute moved into the new Pete and Nancy 
Domenici Hall, and 2 years later. Domenici 
said he hoped that the MIND Institute was 
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“moving in a direction of self-sufficiency 
$2.2 mil- 


Agency to study accelerated learnin, 
hired two researchers who had fundi 
the National Institutes of Health, 
Staffers say the money has been put to 
good use, and outsiders generally agree. Neuro 
scientist Kent Kich! says that distributed com- 
puting facilities worthy of “a Fortune-300 
company” helped attract him from Yale Uni- 
versity. The ability to pool subjects drawn 
from the MIND Institut vork of part- 
ners, he adds, will enhance his research with 
‘magnetic resonance imaging to diagnose psy 
cchotic disorders, Neuroscientist Don Rojas of 
f Colorado, Denver, unaffili- 


A Slowdown in Special Favors 


domestic earmarks from the final bill, MIND 
Institute staffers immediately sought guidance 
from DOE staffers and Domenici’s office. In 
January, DOE's Michael Viola visited the inst- 
tute, “He told us what the format should be, 
what they expected.” says institute science 
director Vincent Clark, On 30 January, says 
MIND Institute Director John Rasure, his team 
submitted its proposal. 

That rapid response gave the institutes jump 
‘on the competition, On 2 February, DOE circu 
lated an internal memo explaining that the 
agency would fund “meritorious proposals” 
from earmark recipients and asking sta t look 
‘out for such projects. On 14 February, Senator 
John McCain (R-AZ), a critic of such pork- 
barrel projects, entered the memo intothe Con- 
essional Record as part ofa statement trum 


the University re 
ated with the MIND Institute, sees “a lot of peting the lack of earmarks in 2007, 

After House members of 

DOE's spending panel learned 

of the MIND Institute applica 

© Commerce tion, they scolded Raymond 

om Orbach, director of DOE'S 

sTranwportation Ollie fornottelling 

NSE them directly about DOE'S new 


‘e Health and Human 


poli 
ting at her 


“So what we're all get 
is fairness,” said 


Services 
eipaain Representative David Hobson 
waaay (R-OH), ranking member of 
7 the House Enengy and Water 
ae spending panel, at a 14 March 

s Delense 


Funding squeeze. Last year’s decision to tighten the spigot on the flow of congressional 
earmarks in annual spending bills forced the MIND Institute (above) to seek another way 
tw obtain federal support. 


Despite the institute's positive steps toward 
independence. Domenici sought $12 million 
for it in the 2007 spending bill movi 1 
Congress last year. When the new Democrat 
majority decided in December to remove all 


hearing. Representative Mike 
Simpson (RID) said the Adm: 
inistration’s “unwilling{ness} 
to have transparency” on DOE'S 
earmarks was “hypocrisy 
given the White House's stated 
aversion to pork. Six days after 
the hearing, Orbach sent a letter 
to the roughly 125 institutions 
that received earmarked DOE 
funds in 2006 informing them 
of the memo. “Everyone was 
treated the same,” says Whiten 
of the proc 
IrSnot clear how many ear= 
marks will make it into the 
2008 budget wending its way 
through Congress. 
aide says that there's been an avalanche of 
requests, and House Appropriations Chair 
David Obey (D-WI) is considering omittn 
them again. But few expect Domeniciand Sen- 
ator Robert Byrd (D-WV). chair of the Senate 
spending panel and a prodigious earmarker, to 
give up without a fight, ~EUIKINTISCH 


www.sciencemag.org, 
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SPACE SCIENCE 


Hitching a ride. The 
European Uni 


ESA'S suce 
prograr 


*. 


European Union Outlines Vision 
For Unifying Space Policy 


The European Union (E,U.) doesn’t have 
its own astronauts, operate any satellites, 
or launch any rockets, The E.U, doesn’t 
even have a space research center, but last 
week, after 2 years of deliberation, it 
revealed its much-heralded space policy. 
The aim is to bring more coordination and 
coherence to Europe's space programs, 
which are currently spread among national 
‘agencies and the European Space Ageney 
(ESA). European space scientists, how 
ever, are underwhelmed. “This will change 
very little for space science in Europe 
beeauise there is no more money.” says 
Roger Bonnet, director of the International 
Space Science Institute in Bern, Switzer- 
Jand, and former head of science at ESA. 
The E.U. is a major consumer of earth- 
observation data and sees space industry as 


a strategic arena in which European com- 
panies can compete worldwide, Yer it has 
had little direct influence on ESA's pro- 
grams or the activities of countries such as 
France, Germany, and Italy that maintain 
active national space agencies, ESA'S 


modus operandi doesn’t necessarily take 
into account the E.U.'s wider political 
and economic goals. Moreover. 
's 17 members include some that are 
not part of the E.U,, whereas the E.U. 
has 27 member states. 

erence. E.U, officials 
Director General Jean-Jacques 
Dordain agreed in 2005 to develop a 
Europe-wide space policy. The document 
g revealed last week—which must still be 
3 tatified by ESA's Council and E,U. minis- 
3 10 during Miyealls for prewer coord 
§ 


nation to meet shared objectives and avoid 
duplication, It also encourages synergy 
between civil and military space efforts 
§ and mandates the E.U., ESA, and national 


wsciencem 


agencies to find funding for two key pro- 
grams: the Galileo navigation satellite: 
and an earth-observing system called 
Global Monitoring for Environment and 
Security (GMES). 

GMES aims to provide Europea 
policymakers and other civil users with 
continuous data on, for example, land use, 
pollution, floods, forest fires, and earth- 
quake damage. Ganter Verheugen, 
E.U. vice-president responsible for enter- 
prise and industry, has said that this sys~ 
tem will likely cost €2.4 billion. Galileo 
will be a commercial rival to the U.S. 
Global Positioning System (Science, 
23 December 2005, p. 1893). The E.U. is 
asking industry to pay for two-thirds of the 
€2.1 billion cost of building the system 
and all of the operating costs 

Bonnet calls these two projects 
cases for the new E.U. space policy 
We see success in these projects, the policy 
is no more than a piece of paper.” he s 
Challenges await. The consortium of eight 
‘companies that the E.U, chose to build and 
operate the system has bickered long and 
hard over the division of work and missed 
deadlines. Meanwhile, Russia is rejuvenat- 
ing its Glonass navigation system. and 
China appears to be building one as well: 
all unwanted competition for Galileo. 

‘Some space researchers are concerned 
about the increasingly close relationship 
between ESA and the E.U. According to 
ESA rules, science spending is rin; 
fenced, and all members must contribute to 
it. That wouldn't necessarily be the case if 
‘SA became an E.U. institution, says Alan 
Smith, director of the U.K.s Mullard Spa 
Science Laboratory. “A lot depends on how 
ESA sees its future.” he says. 

DANIEL CLERY 
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Expert Panel Faults Expert Panels 


Scientists increasingly set the long-term 
research agenda for NASA through decadal 
studies conducted by the National Academies’ 
National Research Council (NRO in fields 
from earth sciences to astrophysics. But those 
studies have come under fire recently from 
NASA chief Michael Griffin, who argues that 
the NRC routinely—and dramatically — 
underestimates the cost of future missions 
‘and then complains when the cash-strapped 
agency must scale back or cancel projects 
This week, an NRC study acknowledged 
that the surveys, although largely successful, 
are saddled with “notable problems” such as 
overly rosy cost estimates and an inability to 
take into account changing budgets and 
agency planning cycles. For example, the 
panel notes, skyrocketing costs for large mis 
sions from the Mars Viking to the Hubble 
‘Space Telescope ended up penatizing a host of 
smaller research missions, The study proposes 
adding cost experts to future panels and 
obtaining independent cost estimates of NASA 
missions. It also advises putting international 
or interagency projects under special scrutiny. 
Meanhile, last week AAAS (which pub: 
lishes Science) joined the growing chorus cal 
ing for NASA and the National Oceanic and 
‘Atmospheric Administration to restore funding 
for planned earth science missions—a crisis 
‘outlined by the earth sciences decadal survey 
released earlier this year. “ANDREW LAWLER 


Paper Cloned 

‘Korean fertilily expert, Sook-Hian Lee, has 
been banned from publishing in the U.S, jour 
nal Fertility and Sterility for 3 years. The ban 
follows revelations about a 2005 paper that 
editors learned had previously been published 
inva Korean journal Lee, director of the 
Human Genetics Laboratory at CHA General 
Hospital in Seoul, was listed as corresponding 
author on both paper. 

The paper, which involved examining mito 
chondrial DNA in patients with ovarian failure, 
vas first published in 2004 in the Korean 
Journal of Obstetrics and Gynecology by Jeong 
Haan Kim, who had worked with Lee as a 
doctoral student. The English version appeared 
in the December 2005 issue of Fertility and 
Sterility. Although the paper has been 
retracted, the retraction “does not reflect on 
the scientific validity ofthe paper,” said the 
journal's publisher, the American Society for 
Reproductive Medicine, which adds that none 
cof Lee's co-authors knew about the duplication. 
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STEM EDUCATION 


Report Urges More Coordination 
To Improve Science and Math 


Many U.S. educators and poli 
experts believe that the co 
try’s decentralized ma 
of education by sta 

government bodies is hamper- 
ing nationwide efforts to 


improve science, technology, 
engineering, and math (STEM) 
education. But a new draft plan, 
drawn up by the board that over- 
es the National Se 


ence Foun- 


dation, suggests a way to get 


around that problem without 


abandoning 2 centuries of local 


control over schools, 
The proposal from the National Science 
Board. requested by the previous Cor 


recommends creating a federally chartered 


GENETIC DISCRIMINATION 


In harmony. Beering (left) and Lederman believe that a national 
coordinating body is needed to reform U.S. STEM education, 


body with representatives from the state: 
nd the education 
ies. The National 


and business commun 


Council on STEM Education would coordi- 
nate initiatives across federal agencies and 
work with the states to help them adopt a 
core set of content standards, link state 
assessments to those national standards, and 
create a system of national certification for 
STEM teachers 

The proposal has come from a blue- 
ribbon commission, co-chaired by physics 
Nobelist Leon Lederman, which the board 
set up last year to tackle the issue (Science 
7 April 2006, p. 45), “There isa serious dis- 
connect between the different elements of 
the school system in this country, with each 
0f 15,000 school boards doing their own 
thing,” 


ys Steve Beering, chair of the 
the commission felt that there was 
need for a nationally coordinated 
effort to bring about some standardization 
in content and teaching.” 

The idea has drawn mixed reactions 
“Anything at the federal level that would 
help the states improve science and math 
education isa good idea.” says Jodi Pet 
‘ofthe National Science Teachers Association > 


son 


Long-Awaited Genetic Nondiscrimination Bill Headed for Easy Passage 


Twelve years after it was first introduced in 
the U.S. House of Representatives, 
nondiscrimination bill Finally appears to be 
on its way to becoming law. 

The House passed H.R. 493 
Genetic Information Nondiserimi 
Act (GINA), on 25 April by a vote of 
420 to 3. Although action on a Senate ver- 
sion of the bill has not yet been sched- 
uled, the Senate unanimously passed 
versions of GINA in 2003 and 2005, and 
President George W. Bush has announced 
his support of the measure. The sticking 
point had always been in the House, where 
the Republican leadership, reflecting 
opposition from some business groups. 


the 
ation 


blocked the bill from coming to a vote. 
With the Republicans swept out of power 
in the 2006 elections, the bill moved 
quickly to the floor and is expected to pass 
the Senate this month, 

GINA bans group health plans and 
insurance companies from denying cover 
age or charging higher premiums to healthy 
individuals based on genetic information. It 


also applies to employers, preventing the 


use of genetic information in hiring, fh 


or job-placement decisions. 

In public opinion polls over th 
growing majority of respondents have indi- 
cated a desire for the legislation. Now, 


fears, a 
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said Representative Louise M. Slaughter 
(D-NY), chief sponsor of the bill, GINA 
“will allow us to realize the tremendous 
potential of genetic research without jeop- 
ardizing one of the most fundamental priva- 
can be imagined. 
Advocates of the bill 
claim that many people are 
raid to undergo genetic 
tests—for instance, to detect 
a mutation that inere: 
of breast cancer—for fear 
that insurers or employers 
will diserimin: inst 
them based on that informa- 
tion. And a 2000 survey of 
ic counselors indicated 


cies th 


es risk 


gen 
that, for the same reason, 
more than half would not 
submit charges for genetic 


tests to insurance companies. 
Supporters of the legisla- 
tion cite instances of dis- 


crimination based on confu- 
sion about genetic information, such as 
denial of jobs to healthy African Amer 

cans who carried one copy of the sickle 
nt case. Slaugh- 
ter reported, a mother who has ct, anti- 
trypsin disease was denied health insur- 
ance for her two children based on their 


Advocate. Francis Collins of 
the National Human Genome 
Research Institute has long 
supported the bill 


carrier status, even though they were not 
affected by the disease. 

‘The threat of genetic diseriminat 
also hindered research, said Francis Co 
director of the National Human Genome 
Research Institute in Bethesda, 
Maryland, 
in March, 
are convinced that the infor- 
mation will not be used against 


n has, 


Jouse hearing 
“Unless Americans 


them, the era of personalized 


medicine will never come to 


pass,” he said. 
Until now, the 
tic information has 
en protected by “a largely 
untested patchwork” of fed- 
eral and state regulations, 
according to the Genetics and 
Public Policy Center (GPPC) 
1 Johns Hopkins University 
in Baltimore, Maryland. 
GPPC head Kathy Hudson 
says that the main resistance 
to GINA has come from groups such as the 
Chamber of Commerce concerned with 
infringements on employers’ decision- 
making freedom, But in the end, advocates 
prevailed. As Hudson notes, “it’s pretty 
hard to vote for discrimination.” 
CONSTANCE HOLDEN 


vay of 


www.sciencemag.org, 


(NSTA). But others worry that the new 
organization will simply increase the current 
Welter of agencies and organizations active 
on the issue. “It will lead to more bureau- 
racy, more meetings, and more talk,” pre- 
dlits Chester Finn Jr. president of the Ford- 
ham Institute, an education nonprotit based 
in Washington, D.C 

"We're not talking about establishing a 
new federal agency,” responds Jo Anne 
Vasquez, a University of Arizona, Tucson, 
education professor and board member who 
is a former NSTA president, “And we are 
well aware that the states and local school 


RESEARCH SAFETY 


districts are ultimately responsible for edu- 
cation.” The proposed body would be a 
nerve center for activity atthe state level. she 
says, providing expertise and guidance in 
the same way that the National Academies 
provide advice to the federal government 
Selling the idea to state officials will also 
be tough because of fears that it could unde 
‘mine their authority. “We are in favor of be 
ter coordination between federal agencies 
and better coordination of educational a 
ities within each state.” says Joan Wodiska 
of the National Governors Association 
(NGA) in Washington, D.C. But s 
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wary of anything that smacks of a top-down 
approach, including a national curriculum. 
Besides, states are already working t 
to improve STEM education and 
competitiveness, Wodiska says, pointing to 
an ongoing NGA initiative known as Inno- 
America that is aimed at getting states 
to share best practices 

Proponents admit that it will take time 
for everyone to get comfortable with the 
concept. “We expect many to say: ‘Oh, 
difficult’ [to reform education nat 
says Lederman, * 
it's needed.” 


~YUDHI}IT BHATTACHARJEE 


Inquest Flags Little-Known Danger of High-Containment Labs 


MELBOURNE, AUSTRALIA—A coroner issued a 
stern rebuke to Australia’s national science 
agency last week, accusing the Common- 
wealth Scientific and Industrial Research 
Organisation (CSIRO) of “complacency” in 
the death of a senior technician in 2001 
CSIRO officials say they have tightened labo- 
ratory safety since the accident and hope that 
the researcher'sdeath will serveasa waming to 
high-security biology labs around the world. 
The tragedy unfolded on the afternoon of 
10 December 2001, when Set Van Nguyen, 
44, entered a containment room at CSIRO'S 
Australian Animal Health Laboratory (AAHL) 
The chamber houses 
lethal pathogens such as bat-bome lyssavirus 
and is kept unvler low pressure to ensure that air 
flows inward, In the days leading up to 
Nguyen’s death, the containment room had 
been malfunctioning, according to findings 
from an inquest released last week by Geelong 
coroner Audrey Jamieson, For roughly 4 days, 
sensors registered diminishing levels of oxygen 
inthe room, and a liquid-nitrogen tank inside 
wwas leaking, the inquest found. AAHL made 
‘hwo announcements over its PA system about 
the breakdown and posted warning 
side the airlock, says AHL biosafety officer 
Gordon Abraham. Adds AAHL Director 
Martyn Jeggo, “We thought we had atruly fail 
safe system with bells, flashing alarms, and 
meters giving oxygen reading 
Nguyen was no novice: A 13-year CSIRO. 
veteran, part of his job was to train other staff 
members how to use the airlock system. 
[ sexgo says. Around 4:15 p.m., Nguyen 
f centered the chamber, apparently intending to 
F collet a specimen fromthe cooker and o post 
i 


in Geelong, Vietori 


readout outside the chamber indi 
oxygen levels inside were 0.03" 


en's alarmed wife showed up at the fab 
AAHL staff found his 


body in the airlock. Ac 
ner’s report, he was still clutching the empty 
vial in his right hand with the warning signs 
oon the floor next to him. 

Jamieson ruled that Nguyen died of acute 
oxygen deficiency, He may have passed out 


Lab tragedy. The Australian Animal Health Laboratory has 
tightened safety since the accidental death of a technician in one 


of its high-security rooms for dangerous pathogens. 
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ness, “I remember the adage: You can live 
without oxygen for 3 minutes, without water 
for 3 days, and without food for 3 weeks 
Ti change that.” says Abraham, “Without 
‘oxygen, you go unconscious in 3 seconds 
and die within 3 minutes.” 

In her report on the inquest, held last year, 
Jamieson said that Nguyen’s death “ean only 
be attributed to a level of complacency” at 
CSIRO, Although not singling out any individ 
ual for blame, she criticized AAHL for, among, 

‘otherthings, failing to educate staff 
about the risks of nitrogen and not 
keeping beter rack of 


tive Geoff Garrett, Since Neuyen’ 
death, he notes, CSIRO. has 
“implemented serious inter- 
ventions in health and safety” 
IL and 50 other facili 
need to engineer out any risk of 
human error” says Jezwo. Now at 
AAHL, containment doors lock 
down if oxygen levels fall below 
19.5%, and electronic cards ensure 
that every employee can be located 
while at work, 

In an e-mail toall CSIRO staff 
afier the coroner's report, Gar 
expressed “deep condolence: 
Nauyen’s family and sought to 
draw a line under the affair. “We 
have learned several important les 
sons from this tragedy to help us 
censure that a similar event should 
never happen again.” he said, 

ELIZABETH FINKEL 


Elizabeth Finkel isa writer in Melbourne, 
Australia, 
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A World Without Corals? 


Besieged bypathogens, predators, and people, the . 
*tainfofests ofthe Sea” may soon face their ultimate 


foo: rising 


KHURA BURI, THAILAND—In the shallow 
‘waters off Lan Island in the Andaman Sea, 
Kim Obermeyer kicks his flippers and glides 
over a silent graveyard, Scattered below are 
shards of staghorn and other branchi 
corals, shattered in fragments that look like 
detached finger bones. The conservation biol- 
gist swims farther out to sea, darts to the bot 
tom, and peers under an overturned Porites 

al head the size of a Volkswagen Beetle. 
Obermeyer points to a brown ribbon under- 
neath: a ragged colony soaking up just 
enough sun to have survived the tsunami that 
struck on 26 December 2004. 

Asa horrific tragedy unfokled on shore that 
day, ecosystems below the ocean’s surface 


were getting hammered. Across Southeast 
Asia, the titanic waves ripped apart shallow 
‘and buried others in silt. But tsunamis are 
‘not the worst threat. The main me 
largely humaan-wrought; from divers clumsily 


reel 
ces are 


breaking off chunks of coral to mass die-offs 
and bleaching of coral triggered by spikes in 
‘ocean temperatures. Last month, the Inter- 
governmental Panel on Climate Change 
(IPCC) forecast “more frequent coral bleachi 
events and widespread mortality” withaverage 
obal temperature increases of 1° to 3°C 
Surveys suggest that 20% of the reefs on 
Earth, the largest living structures on the 
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n acidity driven by CO, emissions 


planet, have been destroyed in the past few 
decades. Another 50% are ailing or ven 
on collapse. “Reefs are likely to wit 
significant ecological crisis in the coming 
half-century—because of us. 
cialist Camilo Mora of Dalhousie University 
in Halifax, Camads 

The decline of coral reef may have sta 
gering consequences. Globally. reefs ge 
ate about $30 billion per year in fishin; 
tourism, and protection to coasts from storm 

ays Mora. Although reefs cover a 


up to 9 million 
third of all known marine life 
forms—including 4000 kinds of fish. “To 
predict that reefs will change dra 
across the globe in the matter of single 
eration should keep people up at ri 
Ove Hoegh-Guldberg, director of the Centre 
for Marine Studies at the University of 
Queensland in St. Lucia, Australia 

There are a few rays of light in this bleak 
seascape. Attempts to rehabilitate tsunami- 
damaged reefs are showing promising results. 
Some reefs blighted by bleaching have 
mounted spectacular comebacks. And efforts 
to limit fishing and human activity have paid 
dividends in healthier reefs and revived local 


species 
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fisheries. Over the past decade, hundreds of 
‘marine protected areas have been established 
to sifeguand reefs, including innovative MPAS 
in Palau designed to help corals bounce back 
afer bleaching (see sidebar, p. 680), 

Yet these gains could be erased by what's 

ping upas the gravest threat of all, As the 
‘oceans soak up more and more of the carbon 
dioxide that humans pump into the atmos- 
phere. 
CO, emissions “have the potential to ereate 
chemical conditions in the ocean that have not 
‘occurred singe the dinosaurs became extinct! 
says ecologist Kenneth Caldeira of the 
Carnegie Institution of Washington in 
Palo Alto, California, Dissolved in water, 
CO, becomes carbonic acid, Caldeira coined a 
term for this process ina paper in 2003; “ocean 
acidification.” By mideentury, ocean pH could 
dip so low that corals would be unable to form 
their calcium carbonate skeletons 

“Acidification is the big elephant in the 
room,” says Terence Hughes, director of the 
Australian Research Council's Centre of 
Excellence for Coral Reef Studies at James 
Cook University in Townsville, Australia, 
Reef building would grind to a halt, with 
grievous implications. If CO, emissions are 
not curtailed, Hughes predicts, “we'll eventu- 
ally see reefs dominated by sea anemones and 


marine chemistry is changing. 
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‘Artificial timbs. Thai researchers attempt to save 
tsunami-damaged coral in January 2005; robust 
‘growth 2 years ater (below, right. 


algae?" Put another way, “soon we'll be having 
jellyfish and chips.” says biologist Michael 
Kendall ofthe Plymouth Marine Laboratory in 
the United Kingdom, In the darkest scenarios, 
most corals will be toast, 


‘Amultiheaded monster 
As coral reefs stip toward chro apic- 
ture of what this means tothe world has begun 
to emerge. Coral sciemtists, backed by an army 
‘of snorkeling and diving volunteers, have puta 
watch on critical reefs among the nearly 
300,000 square kilometers charted to date. 
Hidden gems continue to come to light, inelud- 
ant deep-water reef in turbid waters off 
northern Australia, “Not much isknown about 
the reef because nobody wants to swim in that 
area, It's infested with crocodiles,” says 
‘oceanographer Alan Strong, senior consultant 
to the U.S. National Oceanic and Atmospheric 
Administration's (NOAA'S) Coral Reef Watch, 
A recurring theme of this heightened 
scrutiny is that reefs are vulnerable on many 
fronts, A Mareh 2005 earthquake off Indonesia, 
forexample, was as brutal the 2004 tsunami, 
lifting some reefs clear out of the water 
(Science, 20 October 2006, p. 406). Corals are 
susceptible to pathogens and predators. too, 
The crown-of-thorns starfish, a periodic 
invader, denudes coral outcroppings with the 
efficiency ofa slash-and-burn firmer. Mean- 
\while, corals are perpetually besieged by filae 
mmentous algae, which ane held in check by fish 
that nibble at them. Overtishing can tilt the bal- 
ance, as ean sewage or agricultural runoff, 
which infuse feeding nutri- 
cents, These abuses, along with coastal develop- 
ment, “are having fantastically lange and nega- 
tive impacts on reef around the world” says 
John Pandolfi, a coral reef expert at the Univer- 


er for reefs is bleaching. When sea surti 
temperatures exceed their normal summer 
high by 1°C or more fora few weeks running. 
coral polyps, for reasons not entirely under- 
stood, expel their zoosanthellae. the symbioti 
algae that lend corals color and pro 
i ‘ents, The polyps tum pale and starv 
don’t get their zooxanthellae back in a month 
i or so, they die,” says Obermeyer, 
| 
5 
5 


The dangers of bleaching came tothe forein 
1998, when a potent one-two climate punch— 
a strong EL Ni in central tropical 
Pacific waters, followed by a La Nifia that 
heated western Pacific regions—killed 16% of 
living corals worldwide (Science, 27 October 
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2000. p. 682). Some reefs have rallied from 
severe bleaching—recently and dramati- 
cally, off Darwin Island in the Galapagos. 
iven up on the Galapagos” after a 
1982-83 bleaching event annihilated most 
of the archipelago’s reefs, says Strong. Now, 
he says, “it seems to be really coming back.” 
However, many bleached reefs are still 
sickly. At least half of those destroyed in 
1998 have not recovered, according to the 
authoritative Status of Coral Reefs of the 
World: 2004, compiled by the Global Coral 
Reef Monitoring Network (GCRMN), 

The catastrophic 1998 bleaching, and 
regional occurrences since then, highlight the 
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vulnerability of reefs to global warming. 
“That's when we realized that corals could be a 
kind of canary in a coal mine.” says Jeremy 
Goldberg, co-author ofa GCRMN report on 
tsunami-inflicted reef damage. Delicate 
staghorn and elkhom corals, forexample, were 
listed as threatened in the Caribbean in May 
2006 under the US. Endangered Species Act, 
“Branching corals that are sensitive to bleac 
ing might disappear,” warns reef ecologist 
Thamasak Yeemin of Ramkhamhaeng Univer 
in Bangkok 

‘ome reefs are more tolerant to bleac 
ing. However, says Hoegh-Guldberg, “the 
movement toward hardier communities of 


FRACTURED PARADISE 


PHUKET, THAILAND—Like thousands of tourists who flock tothe chic resort island of Phuket in 
southern Thailand, marine biologist Niphon Phongsuwan recently spent a weekend under the 
waves, taking in the region's breathtaking coral reefs. Unlike the tourists, Niphon had an extra 
reason to enjoy the view: His innovative attempt to rehabilitate tsunami-damaged reefs is show: 
ing remarkable progress. 

Two of the most savaged reefs lie off Phuket's Paradise Beach and Lolana Bay on nearby Phi Phi 
Island. During surveys carried out a few days after the tsunami, Niphon and his colleagues at the 
Phuket Marine Biological Center discovered the shallow seabed at Paradise and Lotana littered with 
pieces of branching corals, particularly staghom and other members of the Acropora genus. Realit- 
ing that the polyps would be abraded to death in the rough-and-tumble waters, Niphion’s group 
gathered up hundreds of Acropora fragments in a bid to save them. 

Aboard a research vessel, the team glued the coral fragments into holes drilled in concrete cin- 
der blocks. They joined blocks with steel barsto help the structure weather strong currents and placed 
them in various configurations in either shallow reef flats less than 2 meters deep at low tide, or on 
reef slopes about 7 meters deep. Blocks in the reef flats—natural Acropora habitat—were battered 
by waves, and most polyps died. But corals transplanted to reef slopes at Lolana Bay thrived and have 
‘grown at a rate equivalent to naturally occurring Phuket corals, Niphon says. The “unexpected” find 
ings, he says, suggest that Acropora “can adapt well to a new environmental setting.” The hope is 
thatthe growing thickets of branching coral wil provide a breeding population: seed stock for polyps 
that mend damaged reefs and pioneer new ones. 

The oral growth over 2 years is “impressive,” says oceanographer Alan Strong, senior consultant 
to the US. National Oceanic and Atmospheric Administration’ Coral Reef Watch. For Acropora, he 
says, the low-tech cinder blocks may offer a cheap alternative to the leading artificial reef product: 
Reef Balls, molded concrete forms that cost as much as several thousand dollars and range up to 
2 meters in girth. 

Strong and others caution that although coral reefs can be rehabilitated, they cannot be built 
{rom scratch. “No one has ever reconstituted a ref,” says Hughes. And some experts wonder whether 
reef rehab is worth the effort at al, as it addresses a symptom of decline, not the cause. “Inevitably, 
this kind of work is like treating cancer with a Band-Aid,” says John Pandolfi, a coral reef expert at 
the University of Queenstand in Brisbane, Australia. “It makes us feel goad, but our money i better 
spent elsenhere.” RS. 
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We 
BABELDOAB, PALAU—A giant clam’s purplish-green intake valve, big 
enough to swallow a fst, snaps shut when a diver drifts close. The magnif 
{cent meter-wide mollusk in Ebil Channel is a symbol of survival, whereas 
a beige, 2-meter-wide table coral nearby isa vivid example of rapid recov 
ery. In the summer of 1998, unusually warm ocean temperatures killed a 
thitd of the reefs ringing this tiny archipelago in the western Pacific. But 
here in the Ebil Channel Conservation Area off Babeldoab, Palau’s main 
island, underwater denizens have roared back to life with exceptional vigor. 


Ebiil’s inspiring comeback is the basis for an 
ambitious experiment. The Nature Conservancy, a 
U.S. nonprofit, is helping Palau establish the 
world's frst national network of marine protected 
areas (MPAs) aimed at thwarting bleaching, a phe- 
‘nomenon in which warm ocean waters trigger 
corals to expel symbiotic algae and starve (see 
‘main text), Some corals can resistor recover from 
bleaching. The Palau network intends to safeguard 
the hardier varieties—and offer some immuniza 
tion against future bleaching events as global 
lemperatures rise 

it's not a new idea, but they are the first to go 
through with it, and that's great," says Charles 
Birkeland, a coral specialist at the University of 
Hawaii, Manoa. “Just limiting fishing isn't going 
tosave our reefs. We need extra protection for the 
cones that are resisting bleaching, so they can 
serve as a brood stock for recovery.” 

Long before the nightmare of '98, Palau had 
built an impressive record in marine stewardship. The country boasts one 
of the highest proportions of territory set aside for MPAs in the world, 
with about a third of its near-shore waters—1300 square kilometers of 
reefs and lagoons—under varying fishing restrictions. Other Pacific 
nations are following Palau's lead: In the past decade, the number of 
MPAs grew from two to 189 in Fiji and from one to 20 fn the Solomon 
Islands. “One village closes fishing in an area, the fish come back after a 
few years, and soon the neat village wants one too,” says Michael Guilbeaux 


fewer coral species is hardly a *w 
abundance is still plummeting 
resistant corals may succumb in a warmer 


As climate change acceler- 
ing number of 
coral species, making ecosyst 
resilient to other pressures.” 


world, he says. 
ates, we will lose an inere; 


ms less. 


A case in point is the widespread bleach- 
ing in the Caribbean Sea in 2003-06. At one 
reef off St, John, part of the U.S. Vir 
Islands, “before people knew it, a dise: 
fected the coral that had survived the 
bleaching. What was left was totally wiped 
out,” Stron 


“You can see how this gets 
NOAA and 
ists are NOW 


to be a multiheaded monster 
US. National Park Service so 
searching for clues to why some corals sur 
vived whereas others perished. 

In an attempt to boost reef survival 
ernments have been setting up MPAs, which 
range from free-for-all recreational prarks to 
no-take zones that bar fishing. Fewer than 
3% of the world’s reef’ lie inside no-take 
MPAs, says Mora. Many 
fished out. Raising the specter of a pending 
food crisis, a recent study found that 27 of 
49 island countries are exploiting their reef 
fisheries in an unsustainable way, reports a 
team led by Nicholas Dulvy of the Centre for 
Environment, Fisheries, and Aquaculture 


fs are being 
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Science in Lowestoft, U.K 
issue of Current Biology 
Lax enforcement and lack of local buy 
have undercut many MPAs, “If communities 
are not involved, they are very unlikely to 


in the 3 April 


support an MPA imposed on them.” says 


‘Morning commute. Kim Obermeyer far right) leads Earthwatch volun- 
nspection ofa tsunami-damaged ree! in the Andaman Sea 


teers on an 


‘Obermeyer, coordinator for Reef Check Thai- 
land. With volunteers from Reef Check and a 
second nonprofit, Earthwatch, Obermeyer 
endeavors to involve villagers—and here near 
Khura Buri, the Ranong Coastal Resources 
Research Center of Kasetsart University—in 


wen sciencemag.or 


reef monitoring. “This is the only way to 
succeed” he says. 

MPAs and measures such as stanching 
sewage and runoff cannot prevent bleaching. 
But resilience—the capacity of a reef to 
nd still fune- 

enhanced, 


absorb recurrent bleaching 
tion 


can be 
Hughes says. In 2002, more 
than half of Australia’s 
40,000-square-kilometer 
Great Barrier Reef bleached, 
Two years later, Australia cr 
ated the world’s largest no- 


e zones, extending fishing 
bans covering 4,6% of the reef 
to more than 33%. “This 


tiative provides real insurance 
abl 


cover against the 
impacts of climate change, 
says Hoegh-Guldbery. 

To test this approach. 
Hy; ed 
some reef Sectionsand left oth- 
fers open to grazing by parrot- 
fish, known by their fused. beaklike teeth. 
Polyps reestablished on open reef three times 


id colleagues 


faster than on caged sections, they report in 
the 20 February issue of Current Biology. The 
study shows that reef management after 
bleaching “has a big effect on the recovery 


of the Community Conservation Network in Honolulu, Hawaii. 

Palau got off to a flying start thanks to a traditional culture that 
frowns on overfishing and a leader who champions MPAs. “The best way 
(0 use it as a source of income,” Pres: 
dent Thomas Remengesau Jr. told Science. “Tourism is the sustainable 
thing for us.” Palau’s prosperity—nearly all adults are 
employed—comes largely from its 50,000 tourist divers each 
year. Reefs vibrant with fish are a top priority. Last Novem- 
ber, Remengesau sought to export that credo by chal- 
lenging the rest of Micronesia to set aside 30% of 


to protect our natural heritag 


hnear-shore waters for protection by 2020. 


Even for conservation-minded Palau, the massive 
1998 bleaching event, which decimated reefs around 
the world, was a wake-up call. Three-quarters of bar- 
rier reef corals at Palau’s Rock Islands lagoon, a popu: 
lar diving site, perished, Ebil, another barrier reef, was 
98% destroyed. Inshore, many reefs fared better because 
they are accustomed to higher temperatures, whereas oth: 
ers survived because turbid waters and shade limited the 
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currents, called the Protected Areas Network. “The key isto protect all the 
different reef types that survived bleaching or recovered exceptionally fast, 
because they will provide the larvae that will help damaged areas recover,” 
says Salm. “These reefs don't necessarily have the fish density that would 
make fishermen want to protect them.” 

The proposal resonated with Wester donors. In 2005, The 
‘Nature Conservancy pledged $2 million, and Conservation 
International $1 million, to a trust, provided that Palau 
raises $9 milion from other sources—which should not 
bbe a problem, says Eric Verheij, acting director of The 

"Nature Conservancy's Palau office. The endowment’s 

interest, along with a diver tax, should yield $2.1 mil- 

tion a year for monitoring and antipoaching patrols. 

Idechong says he expects that the network, with one= 
third more area under protection than now, will be 
‘operational in 2 years. 

Ebiil’s rainbow reefs testify to the promise of that 
approach. Gliding past 2-meter strands of black coral, so 

prized by jewelers that it has been wiped out in many 


sun's damage, says Rod Salm, a marine scientist in the _gurnt by the sun. Bleaching Parts of the Pacific, Verhelj zeroes in on what appears to 


Conservancy's Honolulu office who developed the bleach 


resilience project. 


A critical insight led to a bold plan. Most reefs like Ebiil that have 
bounced back from bleaching are down current from reefs that suffered lit 
tle, suggesting that coral larvae and fish from healthy reefs fueled the rapid 
‘recovery, Salm says. With that in mind, Noah idechong (pronounced Idda: 


signals severe stress. 


be lifeless coral rubble. On closer inspection, the coral 


skeleton has been melded together by coralline algae 


ONG), founder of the Palau Conservation Society, and others proposed 


weaving the nation's hodgepodge of MPAs into an ensemble, linked by 


rate:" Hoegh-Guldbeng says, But the strategy 
works only in the short run; nations must 
move rapidly to stem greenhouse gas emis- 
sions, he says, “It is next to useless not to do 
the to things together.” 


‘Amortal blow? 
Until bleaching head, many experts 
viewed rising sea levels as the chief peril of 
global warming for coral—and a relatively 
toothless one at that. "We thought reefs would 
respond by just growing higher." says Strong, 
“Nobody was talking about changing sea 
chemistry.” Then researchers came to the 
‘ereeping realization that rising ocean acidity is, 
likely to throw a spanner in coral physiology. 
The threat is glaringly simple. Currently, 
‘ocean pH hovers around 8.1, Carbon dioxide 
absorbed into the water column lowers the pH. 
and as it falls, fewer carbonate fons are avail- 
able for shell-building critters to gral, Even in 
present conditions, corals are fighting an 
uphill bale: Erosion removes 80% of the cal- 
cium carbonate laid down, Acidification will 
accelerate that process as rising carbonic acid 
2 levels deplete carbonate, Eventually. corals, 
H plankton, and other organisms will fail to form 
£ skeletons. And coral skeletons are to reefs 
& what girders are to skyscrapers. “You have a 
8 potential world in which reefs and the lime- 
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stone frameworks they have built are in net 
erosion.” stys Hoegh-Guldberg 

IPCC scenarios of global emissions and 
‘ocean circulation indicate that by mid- 
century, atmospheric CO, levels could reach 
more than 300 parts per million, and near 
the end of the century they could be above 
800 ppm. The latter figure would decrease 
surface water pH by roughly 0.4 units, slash- 
ing carbonate ion concentration by half, 
paleocoral expert C. Mark Eakin, coondinator 
of NOAA’ Coral Reef Watch, testified last 
month at a hearing in the U.S. House of Rep- 
resentatives. Ocean pH would be “lower than 
ithas been for more than 20 million years,” he 
satid. And that does not factor in possible acid- 
ification from carbon-sequestration scher 
now being considered. 

Some coral species facing their acid test 
may become shape shifiers to avoid extine- 
tion, New findings indicate that corals 
ean survive acidic conditions in a sea 
anemone-like form and resume skeleton- 
building when returned to normal marine 
conditions (Science, 30 March, p. 1811). 
However, by pH 7.9, says Caldeira, “there 
would bea good chance reefs would be gone.” 

The potential for an acid-induced coral 
cataclysm has cast a pall on the tight-knit 
community of reef specialists. “The reality 


and is studded with young polyps: a nursery of tiny phoenixes rising from 
the ashes of bleaching. Back on the boat, Verheij explains his philosophy. 
"Since you can't protect everything,” he says, “you try to protect the health 
‘est.” That philosophy seems to be paying off in Palau. 


CHRISTOPHER PALA 


Christopher Pala sa writer based in Honolulu, Hawai 


of coral reefs is very dark, and itis very easy 
for people to judge coral reef scientists as 
ways Mora, re becoming 
alarmist.” adds Strong—for good reason, he 
insists. “How are reefs going to handle acidi- 
fication? It'snot like sewage orrunoff, where 
you may be able to just turn off the spigot.” 
‘Queensland's Pandolfi, howe 


it's “too 


pessimist 


No one disputes that urgent action on 
‘greenhouse gas emissions is essential, "We 
could still have vibrant reefs in $0 y 
time.” Hughes says. But these will not be the 
reefs: we know today. “They will be domi- 
nated by a different suite of species,” says 
Hughes, who notes that the shakedown is 
already under way. 

More likely. steps to rein in emissions will 
be too litle, too late—and the world will have 
to brace forthe loss of reefS, In Southeast Asi 
says Hoegh-Guldberg, the threat of millions of 
people losing their livelihoods must be factored 
into policy planning, Coastal dwellings 
throughout the tropics will have to be strength- 
ened against higher waves, Then there is the 
le, aesthetic deprivation if coral reefs 
Wither and wink out. “Without their sheer 
“the world would be an 

RICHARD STONE 
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Thymosins: Clinical Promise 
After a Decades-Long Search 


From an unorthodox experiment, two proteins have emerged that could prove useful 
in fighting infections and cancer and healing wounds 


Thirty-three years ayo, pediatric immunolo- 
gists Arthur Ammann and 
University of Californi 
(UCSF), carried outa dramatic clinical exper- 
iment. Hoping to save the life of a 
irl named Heather whose immune 59 
had failed, they gave her a mix of pri 
called thymosin fraction 5 obtained from 
bovine thymus glands, The series of injections 
worked, Heather survived into her early 20s 
before succumbing to lymphoma. 

This success at the dawn of the biotech 
age identified thy 
promising source of new therapies 
Although other so-called biolo 
cal response modifiers (BRM), 
such as the immune-stimulating 
interferons, are now widely used in 
the clinic, for the most part, the thy 
mosins have remained in the background. 
Now, some individual proteins isolated 
from thymosin 
their early promise. 

In late March, leading researchers in the 
thymosin field came together at George 
Washington University Medieal Center in 
Washington, D.C., for a symposium entitled 
“Thymosins in Health and Disease.” Two 
camein forthe attention: thymosin ey, 
which is already approved for treating hepati- 
tis B and C in several countries, although not 
in the United States, and is a potential eancer 
therapy; and thymosin B,. which might be 
useful for treating hard-to-h 
including diabetic ulcers, bedso 
corneas, and possibly even h 
injured by tacks. “Is really a wonder 
ful molecule because it does so many things.” 
says ophthalmologist Gabriel Sosne of the 
Detroit Medical Center in Michigan, who has 
been studying thymosin B,’s effects on 
corneal damage. 


nosins as a 


Immune booster 
‘The thymosin origins trace back to work done 
more than 40 years ago by Atlan Goldstein, 
then a postdoe at Albert Einstein College of 
Medicine in New York City. Goldstein’s goal 
\vas to isolate the hormones assumed to 
underlie maturation of the immune system's 
T (for thymus-derived) cells, whose functions 


include helping the body defend itself against 
viral infections. In the course of that work, 
Goldstein produced thymosin fraction 5, which 
fostered immune cell function both in culture 
and in mice lacking thymus glands. 
‘Subsequent work showed that fraction 
S containsat least 40 proteins, Goldstein's lab, 
now at George Washington University School 


‘Actin binder. In this structure, thymosin By, (ved) is 
attached to the protein actin, an interaction that 
helps regulate actin filament formation. 


of Medicine, has isolated several of them, 
including thymosin, in 1972and thymosin fy 
in 1981 

Strictly speaking, neither protein is a 
thymic hormone as originally conceived: 
Both are made in cells throughout the body as 
\well as in the thymus. T ted 
structurally, and both are small: Thymosin ot, 
‘consists of just 28aminoacids, and thymosin B, 
contains 43. But their clinical potential 
could be big. 

An early sign that thymosin «, might 
have clinical value came in work by Enrico 
Garaci of the Istituto Superiore di Sanita and 
the University of Rome, “Tor Vegata.” and 
About 20 years ago. they 
found that thymosin c, cooperates with other 


BRMs, including interferon and inter- 
leukins, to bolster the activity of immune 
cells known as natural killers, which are 
thought to help the body fight off cancer. 
Garaci proposed that combining thymosin ot, 
with chemotherapy drugs and interferon oF 
interleukin might therefore produce more 
effective cancer therapies, 

dies in animal models seemed to bear 
that out. For example, when the researchers 
treated mice that had Lewis lung carcinoma 
‘with thymosin o,, interferon, and cyclophos- 
phamide, they found that “this combi 

totally cures the tumors,” Garaci says. Before 
they disappeared. the tumors became packed 
with immune cells. 

This good response may be due, he sug- 
gests, to another immune-boosting action of 
thymosin c that his team discovered a few 
years ago. The protein increases the expres- 
‘sion of major histocompatibility proteins on 
tumor cell surfaces. These proteins display 

antigens for recognition by the immune sys- 
tem, thus “inereasing the visibility of the 
target cells.” Garaci says. 
In December of last 
Pharmaceuticals in San Mateo, Cali 
and its European partner Sigm 
announced the results of large phase 
11 trial of treatment regimens that 
neluded thymosin a, in advanced 
‘melanoma patients, The average sur= 
vival time of 94 patients who got the 
standard melanoma therapy consist 
ing of a dacarbazine drug (DTIC) 
and interferon ot was 6.6 months, 
whereas that of 98 patients treated 
With DTIC plus thymosin et, was 10,6 months, 
“The results were so promising tha 
are embarking on a phase III study, 
‘SciClone’s Cynthia Tuthill at the meeting. 

Thymosin 4,’ ability to bolster immune 
responses also caught the interest of virolo- 
gists who treat hepatitis B and C. But ev: 
though the protein is widely used abroad, par- 
ticularly in China, which has a big hepatitis B 
problem, the results of clinical trials con- 
ducted so far have been mixed. SeiClone h 
found, for example, that adding the thymosin 
to pegylated interferon o: in the treatment of 
hepatitis C patients produces no statistically 
significant improvement. 

‘Still, small clinical trials have indicated that 
adding thymosin «1 to a drug regimen that 
includes the antiviral drug ribavirin as well as 
pegylated interferon a does lead to better 
responses than those produced by ribavirinand 
the interferon alone. SciClone and Sigma-Tau 
‘are now putting that to the test in a phase IIL 
{rial that will include more than 500 patients. 
Results are expected in June 2008, 


said 
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“I think [thymosin «,] may have a role as 
third drug [for hepatitis treatment] but not as 
a first or second.” says Vinod Rustai, a spe- 
cialist in liver diseases at Georgetown Med- 
ical Center in Washington, D.C. He also 
notes that the thymosin has been given to 
numerous people to date, and side effects 
have been virtually nonexistent, 


‘Mobility controller 
Thymosin B,'s mode of action is very differ- 
cent from that of thymosin «a8 a series of 
serendipitous discoveries in the early 1990s 
revealed. One of these came from Daniel 
Safer, then working with Vivianne Nachmias 
at the University of Pennsylvania School of 
Medicine in Philadelphia, While looking at 
how cells link together monomers of the pro- 
tein actin to create polymeric filaments, 
which are important for cell migration, 
among other things, they found that thymosin 
Bi, ties up the actin monomers until appropri- 
ate cell signals trigger filament formation, 

At roughly the same time, Hynda 
Kleinman’s team at the National Institute of 
Child Health and Human Development 
(NICHD) in Bethesda, Mary- 

i land, was looking for genes 
5 


involved in new blood vessel 
formation, or angiogenesis. 
Among those the researchers 
found was none other than the 
ene encoding thymosin By. 
Angiogenesis requires the 
migration of the endothelial 
cells that form blood-vessel 


i linings, and when the NICHD 


group tested thymosin B'S 
effects on endothelial-cell 
jon, they were “aston- 
ys: A very 
umount of the protein. 

1 nanogram—could promote 

the cell movements. 
{Even so, Kleinman recalls, 
¥ journals weren’t interested in 
§ publishing the discovery of yet 

another angiogenesis factor, 
& so she decided to see whether 
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Heart muscle protector? In the mouse heart at left the wal of the left ventricle (Wis Very thin, the result 
‘of damage caused by tying off a coronary artery. But injecting thymosin f, into either the peritoneum 
(imide) or the heart sell right) largely prevents that damage 


betic ulcers. (Kleinman, now retired from 
NICHD, isa member of the RegeneRx scien- 
tiffcand medical advisory board.) 

Recent work also suggests that thymosin 
B, therapy may help heal corneal dam: 
which Sosne, also a member of the RegencRx 
advisory board, describes as “a big clinical 
problem.” Current treatments, he notes, can 
reduce the inflammation that often follows a 
corneal injury, but “there's nothing an oph- 
thalmologist can do to promote” healing of 
the wound itself 

In work begun while a postdoc in 
Kleinman’s lab, Sosne has 
shown that in animals, thy- 
mesin B, both reduces inflam- 
‘mation and promotes the heal- 
ing of alkali-induced wounds 
to the cornea. He has already 
treated one human patient on a 
compassionate basis, a dia- 
betic woman who was blind in 
‘one eye and in danger of losing 
her sight in the other one after 
surgery. Fourteen days of treat- 
‘ment with drops containing 
thymosin B, did bring about 
healing. although a minor 
injury caused the wound to 
reappear, At the end of March, 
RegeneRx announced that it 
‘was beginning a phase Il tral 
to assess the safety and effi- 
cacy of thymosin eye drops in 
ic patients who had eye 
repair surgeries. 


2 thymosin B, works in another — symposium co-organizers. RegeneRx also plans a 
model that requires cell move- Allan Goldstein (top) and phase I trial aimed at assess- 
ments, namely wound healing. Enrico Gara ing the safety of thymosin B, 
It did, promoting healing by injections as a possible thet 

ation of epidermal cell apy for heart attack victims. In late 2004, 


§ stimulating the m 
2 migration imo experimental skin wounds on 

rodents and also stimulating collagen and 
B blood-veael formation, RegeneRx Pharma- 
2 ceuticals in Bethesda, Maryland, a company 
® founded by Goldstein, has begun clinical trials 
E to test whether thymosin fy can help treat 
5 chronic skin wounds suchas bedsores and dia- 
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Iidiko Bock-Marquette. Deepak Srivastav 
and their colleagues at the University of 
Texas Southwestern Medical Center in 
Dallas found that the protein is involved 
both in heart development and the mainte- 
nance of the adult heart. “Thymosin B, 
appears to regulate the migration, survival, 


and pethaps even the beating frequene 
of cardiac muscle cells, says Srivastava, 
who is now at UCSF and also a RegeneRx 
advisory board member. 

In addition, the researchers found that 
the protein protects against the damage 
caused by heart attacks induced in mice by 
tying off their coronary arteries. Treated 
mice have less heart-muscle scarring and 
their hearts beat more strongly than those of 
controls. “All this happens witha single ear= 
diac dose at the time of [arterial] ligation,” 
Srivastava says. 

The idea that thymosin B, can aid heart 
function got a further boost in January when 
Paul Riley of the UCL Institute of Child 
Health in London and colleagues reported 
the results of experiments in which they 
used RNA interference to block thymosin Bi, 
production in the hearts of developing 
mouse embryos, In the of the thy- 
mosin, the researchers found disruptions in 
all aspects of the development of the coro- 
nary blood vessels and a consequent disrup- 
tion of the development of the heart itself 
The finding suggests that thymosin B, might 
promote blood-vessel regrowth following a 
heart attack. 

ill, there are concerns about administer- 
ing thymosin fj, to human patients, Several 
investigators have evidence suggesting that it 
promotes the growth of cancerous tumors, 
possibly by enhancing new blood-vessel for 
mation, Sosne says, however, that he never 
ogenesis in the eyes of mice treated 
tymosin B, for 30 days. And Kleinman 
says she and her colleagues “saw no inci 
in spontaneous tumors and also none i 
number of chemically induced tumors” ina 
transgenic strain of 
the protein. Even so, patients who have ever 
received a cancer diagnosis will be barred 
from the clinical trials, 

More than a quarter-century after that first 
medical experiment with thymosins at UCSI 
the clinical prospects for at least nwo thymosin 
proteins are finally looking brighter. 

JEAN MARK 
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SCIENCE IN ZIMBABWE 


Researchers Struggle to Adapt 
To Economic, Political Turmoil 


With minimal government support, soaring prices, and a steady exodus of talent, 
Zimbabwe's scientists must be inventive to keep labs going 


BULAWAYO, ZIMBABWE—Lecturers were on 
strike, computers were down, and labs were 
still dark when Peter Mundy parked his bike 
and unlocked his office at the National Uni- 
versity of Science and Technology (NUST) 
here, Although the latest power outage threat- 
ened to defrost the owl, cobra, and other spec- 


mens in his lab freezer, the o 
more concerned by the news that inflation 
had spiked to nearly 2000%—further eroding 
hissalary and grants. 

‘Those distractions would have fizzled most 
scientists around the world, but for Mundy they 
‘were all ina typical day's work. Like the Affican 
wildlife he studies, Mundy has adapted to sur- 
vive in a harsh env 


hologist was 


onment. “There's no inter- 
nal research finding to speak of, and have no 
budget for buying lab equipment.” says Mundy 
“But we'e trying to carry on.” 

Down the hallway, ecotoxicologist 
Youeshkumar Naik has taped a motto above 
his desk: “The impossible we do at once: 
miracles take a little longer.” These days. 
beleaguered researchers in Zimbabwe are in 
need of miracles, Their ranks are thinned by 
mass emigration, their budgets decimated 
by hyperinflation, and their international 
collaborations hurt by sanctions imposed 
against President Robert Mug . 
which has unleashed police violence 
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against its growing political opposition. 
‘The contrasts are striking: Zimbabwe now 
has one of the world’s lowest life expectancies, 


yet a massive investment in education during 
the 1980s and “90s ry Africa's 
highest literacy rate. Talented students and 
spradustes are attractive to outside universities, 
With many doctors and medical lecturers 
leaving the country. the University of Zim- 
babwe (UZ) in Harare recently asked one of the 
1s best-known scientists—biochemist 
opher J. Chetsanga, a former member of 


ave the © 


ratio 


ch 


Getting by. Lack of funds hasn't stopped 
ecotoxicology studies at the National University 
of Science and Technology. 


UNESCO’ executive board and until recently 
chair of Zimbabwe's National Council on 
Higher Education 
to teach biochemistry to medical students, 
“This country is ina terrible financial situation 
but scientists have to find ways to carry ¢ 
says Chetsanga. who is also president of 
the Zimbabwe Academy of Sciences. He told 
Seience that many of those talented students tell 
hhim that “they plan to leave the country soon 
after they graduate: 


to come out of retirement 


Conditions are “extremely difficult,” 
acknowledges biomathematician John 


ove, who left Zimbabwe last year to 


head a South African Centre of Excellence 
that develops mathematical models to track 
the HIV/AIDS and tuberculosis epide 
in southern Africa, But Han 
tained his Zimbabwe ties and research inter- 
ests, helping arrange for a grant to NUST's 
applied math department to model epi- 
demies in Zimbabwe. “We aim to become 
‘one of Africa's strongest groups in modeling 
infectious diseases.” says Winston Garira, 
whose NUST group has authored several 
t papers in international journals. 

Garira is one of a cadre of dedicated 
researchers who have opted, despite all the 
hardships, to stay put in Zimbabwe, Others at 
NUST include his colleague Mundy, who is 
trying to attract funding for a wildlife 
Naik, whose lab, with Swedish 
support, is investigating biomarkers for pest 
cide pollution; biochemist John S, Read, who 
is building an alternative-energy research 
group: and the dean of NUST's applied sei- 
ence faculty, Eddie Mwenje, who is studying 
gene flow between wild-type and genetically 
modified sorghum 

In what may be another sign that science is 
siill hanging on, Zimbabwe founded an Acad- 
emy of Sciences 2 years a 


research 


9 that has grown to 
$8 members and garnered international sup- 
por. Its president, Chetsanga, says the academy 
helped convince the government last year to 
take steps to monitor bind flu and will sponsor a 
forum in June on the potential impact of global 
climate change in Attica, The academy is also 
trying to persuade the gow 
restrictive rules that ba 
modified crops, 


nment toreconsider 
ally 


planting genet 


Universal chancellor 
‘The chancellor ofall public Zimbabwean w 
versities, by decree, is President Muy 


whose photo hangs in administrative offices. 
When he first came to power in 1980, the 
University of Rhodesia (now UZ) was the 
lone public institution of higher lean 
today, there are a dozen universities and three 
more planned, But that rapid growth, critics 


say, has come at the expense of academic and 
research quality 

Although UZ remains influential, one of the 
most ambitious new universities is Bulawayo's 
NUST, which opened a dozen years ago and 
now has about 5000 students. At first glance, 
the campus seemsto be growing, with attractive 
buildings and an imposing row of unfinished 
structures bristling with construction cranes, 


But there are no workmen in the empty shells. 
Construction has been virtually frozen for 


years, prompting one scientist to describe the 
npus asa parking lot for unused eranes.” 
We still hope to finish these building 
says the optimistic vice chancellor, veterinary 
scientist Lindela R. Ndlovu. His deputy, organic 
ist Samson Sibanda, is confident that the 
university ean thrive despite its budget erunch 
by reaching out to Zimbabwe's “science dias- 
ora.” especially in neighboring countries such 
aay South Africa, to “ereate research partner- 
ships” NUST' 
help equip the rows of laboratories that stand 
empty, devoid of instruments or even r 
“AWe've got the labs, but we need the hardware,” 
say's Mundy. The strategy has worked in at few 
ies: Naik was able to equip his NUST lab 
with hard-currency grants from Sweden's Inter- 
national Foundation for Seience. 

Last fall, the university hired Moses 
J. Chimbari, a former Fulbright student in 
public health at Johns Hopkins University in 
Baltimore, Maryland, to help other 
researchers land foreign grants. Chimbari is 
ducating the 


cher 


aim is to tap fore 


gents. 


systematizing the process and 
University stall; One of the biggest problems, 
he says, is “the great disparity between the 
government’s official exchange rate and the 
Unofficial rate." large share of many grants 
goes to government currency traders. 
Some foreign donorsand their Zimbabwean 
nes have been able to wet around the off 
1 requirements, which at one point 
exchanged dollars at 80 times less than market 
value, by purchasing lab equipment and 
reagents through foreign accounts and then 
shipping them into Zimbabwe. But even if 
donors beat the exchange problem, inflation 
takes a toll, Says Hargrove: “When you 
grants to Zim scientists its extremely difficult 
to get that money to the researchers without it 
being diluted.” 

Inflation’s impact is insidious. Over the last 
couple of years, the Education Ministry has 
been in a constant battle over the wages it sets 


University lecturers have gone on strike several 
times because their meager salaries have not 
kept up with inflation, which the International 
Monetary Fund predicts could reach 5000% by 
year’s end. “I'm barely able to pay the rent and 
feed my family.” lamented lecturer Donald 


Mlambo, who says prices increase so rapidly 
that “we would need a weekly salary adjust- 
‘ment to keep up.” Students, unable to pay mod- 
esttuition costs, are angry, too. Last year, rioters 
at Bindura University of Science Education in 
northern Zimbabwe burned down a computer 
nce laboratory. 

Hyperinflation affects everything.” 
medical researcher David Katzenstein of 
Stanford University in Palo Alto, California, 
who has worked with collea Zim- 
babwe over ‘The economics are 
crazy, but the researchers have admirable tal- 
ent and dedication.” 


decades. 


Help from abroad 
Although Mugabe harshly criticizes Wester 
“imperialists.” the government does not tut 
away help from an array of fore 


sources, 
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UZ pharmacologist Chiedza Maponga, who 
helped plan the 2002 rollout of Zimbabwe's free 
antiretroviral therapy program; with support 
from foreign donors, it now reaches an esti- 
mated 1(P% of the infected population. 

“We need more bridge-building programs 
like this,” says Maponga. His UZ department 
has devised ways to monitor the quality of 
neric antiretroviral drugs and conduet clini- 
cal studies of drug interactions with African 
herbal medicines that are sometimes used to 
treat HIV/AIDS, He isalso developing a moni: 
toring system “to help show international 
donors that their money is being put to good 
> In particular, it is important to reassure 

American and European biomedical assistance 
programs that sanctions aimed mainly against 
Mugabe and hi 
‘emment are being observed 


use) 


Lab without walls. Wildlife expert Peter Mundy (right) discusses mopane tree leaves with students 


including the US, National Institutes of Health, 
¢NIH) in Bethesda, Maryland, and the C 
for Di 


enters 
ase Control and Prevention in Atlanta, 
“In medical research, most of the 
‘coming from North America and 
Europe.” stys Katzenstein, who is workit 
project with Peter Mason of the Biomedical and 
Research Training Institute in Harare to provide 
laboratory, clinical, and epidemiological train- 
ing to Zimbabwean researchers. 

‘That initiative. directed at the HIV/AIDS 
and tuberculosis epidemics, is funded by NIH's 
Fogarty International Center. Another NIH 
grant helps fund a collaborative research pro- 
aam between UZ and the University of Cali- 
fornia, San Francisco, on ways to reduce the 
vulnerability of women to HIV and other sex- 
ally transmitted diseases. Yet another NIH- 
funded program. which involves the University 
of Buffalo’s School of Pharmacy. helps Zim- 
babwe monitor drugs to treat HIV and tubercu- 
losis infections. The main partner in Harare is 
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The exodus of Zimbabwean physicians is 
another factor limiting the country’s participa 
tion in research. The number of doctors tema 
ing may have dropped. some observers say, to 
Jess than half the official level of about 2000, 
Rampant emigration and AIDS deaths have had 
a substantial impact; some demographers and 
epidemiologists suspect that the nation’s popu 
lation may have fallen more than 20% below 
the official level of 13 million 

Yet there is no dearth of young people who 
want to study science, researchers say. Even if 
the equipment is missing and labs are some 
times dark, the students are bright, The real 
challenge will be to persuade the best of them 
not to depart for greener pastures as soon as 
they get an opportunity. Says biochemist Read, 
\who retuned to teach in Zimbabwe after years 
of study abroad: “Our greatest assets are the 
bright young Zimbabweans weare privil 
teach and do research with.” 


“ROBERT KOENIG 
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EVOLUTIONARY ECOLOGY 


Variable Evolution 


Researchers are discovering the intricacies of relationships in which one organism 
sometimes influences the evolution of another and sometimes doesn’t 


Coevolution is a tale of intimacy. Two 


species—a parasite and its host; a pollinator 


and its plant—evolve in lockstep, adapting 


ways to deal with willing, and sometimes 
ers, But ocea 
tion gets off track. 

In north-central Nevada, for example, the 
Clark's nutcracker has a cozy relationship 


n pine trees: The birds carry off 
seeds and cache some of them for future use 
helping new seedli 
thepine tr 


get started. For its part 
acting seeds child's 
play by evolvin, with 
seeds that are covered by thin, easy-to- 
remove scales, Butin the Rocky Mountai 


¢ has made ext 


short cones burstin 


ménage a trois has developed, in which the 
pine trees are torn between defending their 
seeds against squirrels and helping out the 


nuteracker. Asa result, the birds must make 
do with long, heavy cones with thick scales 
and relatively few seeds, Coevolution has 
practically stalled out. 

sts First started thinking 
about coevolution some 40 years ago, they 
‘appreciate this complexity. Over the 
years, they have marveled at bird bills 
exquisitely shaped for feeding ef 
on products of specific plants, and they ve 


learned about arms races in which snakes, 


insects, and other predators develop ways 
to outwit the ever-better defenses of their 


prey. But there have been nagging inconsis- 


tencies in many of these observations 
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Some species pairs don’t have the same 
adaptations everywh; 

Ecologists have found that, in on 
from binds to bact olution is not a 


sure thing. “The interactions between pairs of 


species have different intensities in different 
ings.” says May Berenbaum, 
st at the University of Mlinois, 


Urbana-Champaign. A decade ago, evolu- 
tionary ecologist John Thompson of the Uni- 


versity of California, Santa Cruz, came up 


phical 
variations in coevolution and coined the term 
And in the past few 
ears, because of its relevance to understand- 


raphic mosaics. 


ing evolution, biodiversity, and species inv 


sion, there has been “a surge in interest” in the 


Ikiewicz, 


theory, says Richard Gom 


lutionary biologist at Washington State Uni- 


versity in Pullman, 


Coevolution’s mosaics 
Thompson proposed that the survival advat 

tage provided by coevolution was inconsis- 
tent because environmental c 


nditions, and 


hence the forces of natural selection, differ 
from place to place- In r 
seems self-evident, but at the time “people 


rospect, this idea 


generalized [what they found] from one loca- 
tion and extrapolated to everywhere else for 
that species” says Craig Benkman, an evolu- 
tionary ecologist at the University of 
Wyoming in Laramie 
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For the birds. The Clark's nut 
cracker prefers pinecones with 
thinner scales (inset, right), but 
with squirrels around, the cone’s 
scales are thicker (inset, lft. 


If researchers looked more 


broadly at different popula- 


tions of interacting 
Thompson predicted, they should discover 


species, 
“hot spots”—with intense interactions 
between partner species and rapid coevoll- 
cold spots” 
where the two species have litle influence on 
y trajectories, Envi- 


tionary change—and areas 


cach other's evolution: 
ronmental factors, including the presence of 


other species, should affect hot-spot distribu: 
tion by making coevolution more or less 


sous to the partners. The mobility of 


the partners should matter as well: Gene flow 
alvin 


populations to 


from one set of coe 


another should speed or impede the evolution 


of specializations, 
ts were skepti 


Thompson's fellow ecol 
cal at first,"Many of us were left wondering 
how to address such a complex set of 
nd were frustrated with the lack of 
very specific, testable predictions.” says 
Edmund Brodie IIL, an evolutionary biologist 
at the University of Virginia, Charlottesville 
Recalls Thompson, “The eriticism I got was 
*Show me the data 


processes 


Today, however, the theory is much 
palatable. In 2005, Thompson published a 
book. The Geographic Mosaic of Coevolu 
tion. He and other theoretical biologists 


have come up with more detailed models to 


helping field re 
s, In 2006, the 
publications was expected to be double that 
of 6 years ago, “We're suddenly seeing the 
1 for a whole variety of interactions.” 


Thompson says. 


Third-party interference 
Even as Thompson was first formulating his 
geographic-mosaic theory, Benkman was 


‘coming to similar conclusions based on his 


long-term studies of erossbills and other 
birds that feed on pine seeds. In the 1990s, 
his work si 

squirrels in certain pine forests of the Rocky 
Mountains influences cone shape and scale 
size. Now he and Adam Siepielski have 
extended that work with a careful look at the 
ecological and evolutionary crosstalk 
between squirrels, Clark's nutcrackers, and 
ie trees in western North America. They 
find the geographic mosaic and the cold and 
hot spots Thompson envisioned. 


ested that the presence of 


sciencemag.org 


‘The squirrels and birds both eat seeds. but 
only the nutcrackers help the tree by dispers- 
ing some seeds: A single bird can carry off 
up to 98,000 seeds a season, sometimesas far 
as 22 kilometers, When squirrels harvest 
‘cones, few seeds ever germinate. In 2004 and 
2005, Siepielski and Benkman looked at lim- 
ber pine or whitebark pine forests with or 
Without squirrels and assessed cone and seed 
characteristics as well as bird and squirrel 
consumption of seeds, 

The results were similar irrespective of 
the pine species. Nuterackers preferred 
cones with thinner scales and more seeds, 
characteristics of the squirrel-free stands. 
But forests with squirrels had wider, heavier 
cones with thicker scales and fewer seeds 
that were harder for the birds to retrieve, 
Siepielski and Benkman report in the May 
issue of Ecological Monographs, Thus, 
squirrel-infested forests represented cold 
spots. “The presence orabsence of the squit- 
rel drives the interaction between the pines 
and the nutcrackers.” says Benkman, 

‘Sometimes three: interactions can lead 
to new species, Benkman and Julie Smith of 
Pacific Lutheran University in Tacoma, Wash- 
ington, reported in the April issue of American 
Naturalist. The newcomer, the South Hills 
erossbill, lives in pockets of Idaho forest 
where squirrels are absent. There, unusually 
thick scales have resulted in bigger bills, 
which in turn eventually led to changes in 
birds’ calls. With that change, the birds’ attra 
tiveness to crossbills from elsewhere dimin- 
ished, “The selection is so different with and 
without squirrels, its causing one population 
to speciate from the others." says Benkman 


‘Arms races 
Berenbaum has also found that a third species 
‘ean throw a wrench in the works of eoevolu- 
tion. Over the past 15 years, she and entomol- 
‘ogist Arthur Zangerl, also from the University 
of Illinois, had found a tight correspondence 
§ between the types of toxins produced by wild 
3 parsnip and the detoxifying capabilities of 
8 parsnip webworms found in the United States. 
Both plant and caterpillar are native to 
with the parsnip arriving in North 
America about 400 years ago, followed by the 
\webwworm about 250 years later. 
‘What’ striking, notes Berenbaum, is how 


toxin profiles of herbarium specimens of wild 
2 parsnips from collections that date from 1836 
8 to the present, His 2005 analysis shows that 
E within 20 years of the webworm’s arrival. the 
§ toxin content increased. And, judging from the 


wwwsciencemag.ora 


ULS.-hased webworm’s current ability to chow 
down on parsnip with impunity. the webworm, 
has rapidly improved its ability to break down 
parsnip toxins, “That's something we don’t see 
happening in the European samples,” Zangerl 
notes, The reason is the presence of a third 
player in Europe: Webworms there often 
munch on hogweed. a less toxic plant that’s not 
present in North America, Berenbaum and 
Zanger\ reported in the December 2006 issue 
ony 

At the University of Virginia, Brodie is 
examining another coevolutionary tale, that 
between toxic newts and their snake predators. 
He and his colleagues have found hot spots 
where garter snakes are rapidly evolving 


Chemical warfare. Wild parsnip baitles the 
parsnip webworm by evolving ever-more-potent 
toxins in its tissues. 


resistance to ill effects from snacking on 
newts—and cold spots, where resistance to 
the newt poisons has not evolved. They are 
now looking to see whether other predatory 
snakes have the same hot and cold spots. “If 
so, itis pretty strong evidence that there are 
major geographic or biogeographic patterns 
that influence the mosaic and not simply some 
stochastic process.” Brodie ss. 

Brodie hopes to investigate how gene flow 
affects these geographic mosaics. When 
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resistant snakes move into an area populated 
by vulnerable individuals. for example, they 
should have the advantage and “warm up” a 
cold spot. Brodie knows that mutations in a 
gene fora sodium channel in muscle confer 
resistance to the newt poisons, andl he and his 

colleagues are sequencing this gene with the 
hope of using single-base differences between 
individuals as a way to monitor gene flow 
throughout the mosaic. 

To date, though, the most solid evidence 
that gene flow plays a major role in geo- 
‘graphic mosaics comes from an experiment in 
which Thompson and his colleagues moni- 
tored how quickly bacteria evolved resistance 
to bacterial viruses (which in turn develop 
ways 10 evade this resist In 2004, he, 
Samantha Forde in his lab, and Brendan 
Bohannan of the University of Oregon, 
Eugene, first showed thatthe intensity of this 
arms race depended on how nutrient-rich the 
environment was, with resistant bacteria 
evolving faster in richer media, But when the 
researchers put bacteria from rich media in 
with bacteria with suboptimal nutrients, the 
evolution of resistance sped up in those com- 
munities, thereby changing the coevolution- 
ary dynamics, 

Working out how geographic mosaics 
arise, and why, has important ramifica- 
tions. Agencies charged with protecting 
borders against invasive species are strug- 
sling to predict the worst offenders. “The 
geographic-mosaic theory can be a tool for 
improving predictions.” says Berenbaum, 
And Benkman thinks the data to date on 
the effects of a third-party species suggest 
caution to wildlife biologists thinking 
about reintroducing species, particularly 
mammals, into areas where they have not 


lived for centuries, Finally, conservation 
policies need to consider how species 
might differ genetically across space, and 
how the coevolutionary paths they travel 
might vary. “If in conserving biodiversity 
we aim to represent the full array of the 
species, then We need to cover a broad 
sweep of these areas,” says Jeremy Burdon, 
an evolutionary biologist at the Common- 
wealth Scientific and Industrial Research 
Organisation Division of Plant Industry in 
‘Canberra, Austral 

For these reasons and others, testing the 
gcographic-mosaic theory has increasing 
‘appeal. “People are motivated to see if these 
different processes are present and if they 
are important,” notes Gomulkiewiez. And 
Paul Rainey. an evolutionary genet 
the University of Auckland, New Z« 
agrees: “There is a huge opportunity here 
for research” ‘ELIZABETH PENNISI 
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An Intelligent Crow Beats a Lab 


| READ WITH INTEREST THE PROFILE OF NICOLA CLAYTON AND HER WORK ON COGNITION IN 


birds ("Nicky and the jays,” News Focus, V. Morell, 


aside to bird intelligence and food hidin 


father owned a 


food hid 


T contribute this photog 
afood market on the central Ore 
which he valued highly for their intelligence, The attached picture represents a reg 


23 Feb., p. 1074). As an amusing 
ph taken in 1955, My 
pn coast and was very fond of erow: 


and searching between our labrador retriever and pet crow. 


After the crow ate his fill, he would hide surplus food in the market's backyard, which 


afforded many niches under wood chips and 


other detritus, Our dog. Jocko, was always 


interested in an extral morsel and would scour 
the y 


his nose as his prime detector. 


The crow followed alongside him and when 
Jocko came too close to the concealed prize 
Jimmy the crow would hop ahead of him, 
ab his food. and 
move it to another location, The crow relied on 
his memory ofhis stashed food to beat the dog 


knock the wood! chips aside. 


to the prize nearly every time. 


ARTHUR STRAUB 
Reno, WV, USA. 


Prototype Resilient, 
Self-Modeling Robots 


THE MAIN CONTRIBUTION DESCRIBED IN THE 
Report “Resilient mac 


ous sel -modeling” (J. Bon 
2006, p. LL18, and the accompanyi 

spective, “What do robots dream of. C 
Adami, p. 1093) is a robot that can auto- 


nomously recover from certain types of un- 
expected damage, through an adaptive self 
‘model derived from actuation-sensation relation- 


ships, used to generate forward locomotion. 
Neither the Report nor the Perspective 
‘mention that the first resilient, self-modelin, 
machines of this type were built by Alexander 
Gloye-Farster er al., who won the 2004 Robo- 
Cup in the very fast, small-size 
human adversaries with a joystick have no 


me (where 


chance). Gloye-Forster et al. equipped the 
RoboCup robots with self-models based on 
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artificial neural networks, to model current 
properties of their four-wheel omn 
tional drives. They showed that when 


ts damaged and is no longer able to execute 
‘precise driving pattern, it can heal itself by 
ts model of the relation 


tor commands and sensory inputs, 
he modified model to plan and opti- 
mize future driving trajectories (/. 2). 

JORGEN SCHMIDHUBER 
Ditector,1OSIA, Galleria 2, 6928 Manno, Switzerland, 
and Institut far Informatik, Robotics and Embedded 
Systems, Technische Universitat Machen, Boltzmann: 
strasse 3k, 0-85748 Garching bei Minchen, Germany 
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Response 
INDEED, MANY EXISTING APPROACHES SUCH 


as robust control (/, 2) and reinforcement 


learning (3) allow artificial systems to sustain 
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functionality despite variation and uncer 
inty in their internal structure, by adjust- 


controllers and estimating model param- 
from data, Our self-modeling ap- 


proach differs from these approaches in two 
key aspects, concerning both the way the 
data are collected and the properties of the 
model, 


resultin 
First, our approach actively determines 
which data to collect in order to improve the 


model. This is in contrast to Gloye et al. (4), 
whose learning algorithm requires driving the 
robot through all possible combinations of 
driving situations “to cover all the regions of 


the input space” of the predefined neutral net- 
work (5), Such an exhaustive approach does 
not scale to complex situations with many sen- 
sors, actuators, and complex environments 
while the active learning method we use 
seales more favorably (6). 


‘Second, our self-models a 


: explicit body 
schemas useful in scenarios other than those 
they were trained in. This is in contrast 
to Gilaye ef al, (4), whose model implicitly 
maps inputs to outputs but has little predic 
tive ability 
bumpin 


ide its training scenario fe. 
into an obstacle would 


retraining (5)]. Our robot could use the same 


explicit internal body schema to determine 
how to balance on 


n inclined plane or tackle 
an obstacle. The ability of a self-model to be 
useful beyond its training scope is critical to 
scaling the cognitive ability of machines and 
may underlay humans’ remarkable ability to 
perform reasonably well in new and unfore- 


HOD LIPSON,” VICTOR ZvKoV,* 
JOSH BONGARD? 


Department of Mechanical and Aerospace Engineering, 
Comnell University, thaca, NY 14853, USA. Department of 
Computer Science, Unversity of Vermont, Burlington, VT 
(05405, USA. 
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somethin; 


Can a Nuclear Weapon 
Really Be “Safer”? and 


the very least 
would be in order, toremind us of what we 
are really talking about, Or is it 1984 already? 
MICHAEL NEUSCHATZ 


IN HIS ARTICLE ON THE COMPETITION SPON- ing 
sored by the U.S, Department of Energy to 
design a Reliable Replacement Warhead 
(RRW) (“Livermore Lab dips into the past to 
win weapons design contest,” News of the 
Week, 9 Mar, p. 1348), Eli Kintisch includes 
the followi Although the focus 
is reliability, RRW i 


safer, more secure, and greener weapons.” | 


sentence 


also intended to create 


can understand more secure, even though I 


Would argue that the best security would be 


the will is there, But, although I 


sympathize 
\With the author's need to cover the new arma 
ments program in real-world terms, there is 


Julius Axelrod Prize 


Supported by Eli Lilly and Company Foundatic 


The Society for Neuroscience is pleased to 
announce the inaugural y 
Prize. The prize was established to honor 
with disting 
neuropharmacology or a related area 

efforts in mentoring young scientists. 
Deadline for receipt of nomination packag 
Friday, June 15, 2007 


For details please visit 


fe! 


AKI 
i. 


greener” to 


Riverdale, MD, USA 


gists on the chi 


of the Julius Axelrod 
scientist 
ished achievements in the broad field of 


ad exemplary 


a phrase like 


Using Radiocarbon 
Dating in Jerusalem 


THE ARTICLE 
Lawler, News F 


JUDGING JE 


distinctly Orwellian about the 
ment of the words 
atomic bombs. At 


relatively speak: 


cations of the findings from the City of Da 


SALEM 


ion. Most of these archaeologists 


agree that the relative chronology based on 


ceramic typolo; t determine the age of 


this site in relation to other sites, There is 
almost a consensus that radiocarbon dating 
the only way to solve this problem. I would 
have expected the article to provide an evalua 

n of Whether radiocarbon dating can solve 
ing with experts in the 


field, rather Dlishin; 


archaeologist comparing radiocarbon dating 


toa prostitute 
The problem translates into whether two 
pecurred within a century can be 


<. Bearing 


differentia 


uncertainty (+30 years) and that the calibra 


tion can sometimes significantly inerease the 


probable range of the date, such precise dati 
isa major scientific challenge 

With fan Sharon (Hebrew University), 
Ayelet Gilboa (Haifa University), and Tim Jul 
(Arizona University), | addressed this issue by 
dating the transition from Iron Age 1 to tron 
Age II. We compared samples prepared in three 
laboratories (Weizmann Institute of Science 


litical i University of Arizona, and the University of 


Groningen), No bias was detected, disprovi 


GrantsNet. 


The first comprehensive 
science grants database. 


GrantsNet is expanding its listings of some 
900 funding programs from private foundations 
and not-for-profit organizations to include 400 
to 500 new entries from the grants.gov site. 
This provides the first comprehensive 
database of funding opportunities to 
research scientists and administrators, career 
counselors, financial aid specialists, and 
undergraduate and graduate students. 

For listings, go to 
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misconceptions that radiocarbon labs have spe- 
cific agendas besides doing scientific research. 
(1,2). We paid careful atten 
I 
their states of preservation, and analyzed more 
than 150 samples. The radiocarbon dates men- 
ti cle by Eilat Mazar were per 


al contexts of all samples, characterized 


ned in the 3 
formed by me on samples that were chosen 


after careful discussion with her. Radiowarbon 
analysis is not # routine technical operatio 

Our Iron Age study proves that wo events. 
can be differentiated within a century. Much 
depends upon the reliability of the archaeo- 
logical context from which the sample is 


taken and upon # deep understanding of the 
science involved with radiocarbon dating, 
ELISABETTA BOARETTO 


Radiocarbon Dating and Cosmogenic isotopes Laboratory, 
Kimmel Center for Archaeological Science, Weizmann 
Institute of Science, Rehovot 76100, ‘israel, and 


Department of Land of sae Studies and Archaeology, Bat 
Han Unversity, Ramat Gan, Israel, 
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Oops, That's Not Really 
a Diamond 


THE ILLUSTRATION FOR THE INTERESTING 
Editors’ Choice item “Diamond diversity 
far., p. 1638) appears, even to this biolo- 


gist, not to be of diamonds at all, Rather than 
being rough and tetrahedral in form as diamond 
crystals typically present, these erystals are 
hexagonal, very clean surfaced, and optically 
clear, just as certain quartz crystals can be 

hey appear to be doubly ter 


Furthermore, 
sting that they formed free 
fluid-filled cavity rather than 


floating in 
attached to a mineral matrix. They appear to 
be Herkimer diamonds, named for the town in 
upstate New York where they are found 
in cavities, or vugs, in the surrounding stoney 
matrix. They are very attractive, and it is, 


entertaining to spend a Saturday picking these 


Letters to the Editor 


“diamonds” from cavities in the rock, but they 

‘are not true diamonds, which are of course not 

cerystrallized silica but crystalline carbon, 
‘ANDREW P. WHIPPLE 


Department of Biology, Taylor University, Upland, IN 
46989, USA. 


Editor's Note: The lewer writer is correct. 
The image that was chosen by Science stalf 
to run with this item was not a diamond, The 
image shown here is diamonds, 


Coal's Future: Clearing 
the Air 


AS REPORTED BY ELI KINTISCH ("REPORT 
bucks more projects to sequester CO, from 
coal,” News of the Week, 16 Mar. p. 1481), 
the recent Massachusetts Institute of Tech- 
nology (MIT) study (/) on the future of coal 


stresses the need for reducing the carbon 
intensity of coal use. More than two coal-fired 
power plants are projected to be built each 
‘week over the next 25 years, adding 1800 GW 
of electricity production (2) and at least dou 
bling current coal-based CO, emissions un- 


Jess CO, mitigation technologies are rapidly 
deployed. Although these technolog 

still in the R&D phase. the report's authors 
rightly caution that we "not fall into the trap of 
picking a technology winner.” Paradoxically 
the report then goes on to discuss in 


eat 
detail the capture and geologic storage of 
molecular CO, (CCS), to the exclusion of 
other options. 

Current mitigation alternatives include 
the postcombustion chemical or biological 
uptake of CO, from waste streams or from 
air [evg.. (3-5)]. often converting CO, into 
stable, benign chemical forms that need not 
be stored deep within the Earth. In certain 
settings, such approaches could avoid poten- 
tial obstacles to widespread CCS use (1) 
including (i) the energy cost of capturi 
concentrating, and compressing CO,: (ii) 
risks associated with transporting and stor- 
ing CO, under high pressure: and (iii) the 
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yy 10 cost-effectively mitigate existi 
conventional coal-fired plants. Alternative 
technologies that can address this last point 
are critical since, according to the report, 
CCS only appears practical for new coal 
combustion technologies that will take 
decades to penetrate the power industry time 
that we ean ill afford 

As in the case of CCS, much work is 
needed to determine the safety, economics, 
capacity, and timel 
CO, mitigation approaches. Yet this will 
never happen if fodissiry, and government 


inabi 


ess of these alternative 


decision-makers and R&D funders continue 
1. CCS as “the only game 
in town.” At this early sta 
that our CO, mitigation strategy be broad in 
hat multiple tech- 
nologies are likely to be needed and that the 

may bear little resemblance to those cur- 
rently favored, Given the magnitude and 
ney of the COyenergy problem, it is 
unwise to pk of both coal and our 


environment based on an unnecessarily nar= 


row vision of the future, 
GREG H. RAU* AND KEN CALDEIRA? 


nsttate of Marine Scences, Univesity of California, Santa 
Cruz, CA 95064, USA. *Department of Global Ecology, 
CCamegie lostiion, Stanford, CA 94305, USA. 
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CORRECTIONS AND CLARIFICATIONS 


SclenceScope: “Bignami back in orbit” by F. De Prestis 
(23 Mar. p. 1649), Giovanni Bignami has been nominated 
as president, not directo, of aly's space agency, ASL He ts 
no lange chair af the Space Science Advisory Commitee of 
the European Space Agency, as nas reported. Bignami says 
he ft his postion as scientific director of ASI in 2002 when 
his contract expited, ad that his departure was nat con 
ected to uncertainty at that time over government support 
for an Malian radar instrument on a NASA mission to Mars, 
asthe ScienceScope item implied 


Perspectives: Water from frst principles” by A. Stone 
(2 Mar. p. 1228). The dotted tines indicating the hydrogen 
bonds between the water molecules were inadvertently 
removed from the top configuration 

Reports: Water catalysis ofa radical molecule gar-phase 
reaction” by E. Vohinger-Martiner ef ol. (26 Jan. 
p. 497). The third author is identified incorrectly: the 
‘cotrect name is H. Hernander Soto 
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PUBLIC HEALTH 


The Golden Weed, 


America’s Most Deadly Drug 


Robert N. Proctor 


obacco is the world’s largest single 
cause of preventable death. Five mil- 
tion people die every year from smok- 


‘a number that will a mile 


lion over the next two decades. A 
hundred million died from smok- 
ing in the 20th century, and ten 
times that will die in the present 
century if current trends continue, 
The tobacco industry is notori- 


‘ous for its deeades-lon, 
to manufacture 
tract from hazards, to filibuster its 
way past inconvenient facts and 
the crushing weight of medical 
indictments, Theirs may well be 


campaign 
nce, 10 dis- 


the longest-running campaign of 
deception ever organized by an industry. and it 
Was not until the 1990s that manufacturers 
axlmitted any real harms caused by smoki 


+ of this aboutefiee was dictated by a 
in legal strategy, which by this time 


had recentered around the ai 
“everyone has always known” that smoking is 
bal for you—so people have only themselves 


to blame for whatever diseases they contract 


from theh 


bit 

Until recent years, much of the historiogra 
phy of tobacco has been dominated by indus~ 
try apologists. The industry has been triining 
historians for years, using them either as con- 
sultants for ltig 
deliver industry-trie 
As of 2005, at least 35 historians had testified 
in court for the industry, versus only three for 


on oF aS expert witnesses 10 
lly testimony in court 


its opponents. Dozens of others have worked 
more seeretively as consultants. That asy 


metry helps explain why the industry has most 
often mi 


1 10 come up Victorious in court 
Following decades of efforts to manipulate the 
science, they ve tumed to efforts to manipu- 
late the history (/). And their power is not to 
be underestimated, 

With Allan Brandt's Cigarette Century 


however, a new era is dawning in tobaceo his- 


toriography. A medical historian at Harvard 
University, Brandt has been working on the 
history of the cigarette for more than two 
decades, The book has been long in coming 


The reviewers atthe Department of History, Building 200, 
Stanford University, Stanford, CA 94305-2024, USA 
E-mail rproctor@stanford.edu 


The Cigarette Century 


4 MAY 2007 


{I cited it as forthcoming in my 1995 Cancer 
Wars (2), but the wait has been worth it. The 
Cigarette Century presents the most compre- 
account to date of how we came into 
this odd situation, where 
the burning of little sticks 
of leaves (with myriad fl 


vorings and chemical mod- 
ifiers) is the most deadly 
addiction on the pk 


Brandt's is principally a 
ati- 


history of changing 
tudes toward smoki 
United States, a 
the science th: 
indictment of smokin 


led to the 


the myriad obstacles to its 
effective regulation, Buck Duke's consolid: 
tion of the early industry is covered, along with 
in 1913 as the world’s first 


the rise of Ca 
‘standard brand.” Opposition to the ci 


ete 


astutely identifies as part of an effort to sub- 
vert the growing evidence of hazards. The 
industry has always been adept at neutraizin 
0s, 
for example, was effectively countered by a 


threats: The “health scare” of the early 1 


campaign to foment doubt and reassurance. 
And in the 1980s, following demonstrations 


of a lung cancer hazard from secondhand 
smoke, the industry blitzed the airwaves with 
acampaign identifying smokingas essentially 


a form of free speech. 

Brandt devotes a great deal of attention to 
the recent history of litigation, with a major 
theme again being the industry's nimbleness 


at escaping threats. He is rightly critical of the 
1998 Master Settlement Agreement between 
the companies and 47 states, which basically 


amounted to a tax on cigarettes (circa 45 cents 
per pack). The agreement led toa kind of gov- 
as Master Settlement Agr 
depend on the 


industry co-dependency, insofur 


ement payments 
eile companies remaining 
which helps explain why so many 


solvent 
states have submitted briefs on behalf of the 


companies opposing high punitive dar 


There are some weaknesses in the book 
Some prominent early critics are conspicu- 
ously absent, including the great journalist 
George Seldes, a kind of Naderite avant la let 


Undermining an icon. This 1990s anti-smoking ad subverts the imagery of the classic Martboro cigarette 


marketing campaign. 


collapsed following the First World War, when 
arettes with their rations and the 


sokdiers g 
bans on the sale of cigarettes (enacted in more 
than a dozen states) began wo lapse. Brandt does 
a fine job of tracing the epidemiolog 
mal experiments that led British and American 
scientists to recognize cigarettes as a cause 
of lung cancer and other maladies. although 
research traditions in other parts of the world: 
notably Germany—are slighted 

The book also doesa fine job exposi 
industry's use of medical authority to sel ci 
via R. J. Reynolds's “More Doctors 
n. for example. but 
also through advertisement 
make your own test.” which Brandt 


arettes: 
Smoke Camels” cam 


smokers 


wo 
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tre, who in the 1940s publicized Raymond 
Pear!’s work on the diminished longevity of 
xd Angel Rofo’s pioneering work 
on experimental tobaceo carcinogenesis 
(Roffo, an Argentine physician, showed that 
cancers could be induced by painting tobaceo 
tars” on the skins of laboratory rabbits.) 


smokers a 


Seldes also denounced the inclusion of 
tobacco as a part of the Marshall Plan: 
Europeans had other pri But Senator 
Willis Robertson from Virginia (father of the 
televangelist Pat, interestingly) thought other- 
wise and got tobacco included as part of the 
US. effort to rebuild Europe. 

Brandt does a great job, though, of show= 
ing how rights languag 


was effectively used 


wewwsciencemag.org 


toblock restrictions on (for example) smoking 
‘on airplanes, which for decades caused grief 
(and death) to both passengers and flight 
attendants. Smoking sections were a compro- 
mise of the 1970s, which crities compared to 
“having.a peeing section ina swimming pool. 

senators from tobaceo-growing 
states opposed a total in-flight ban, and it was 
not until 1990 that smoking was eliminated 
from all domestic flights, The Environmental 
Protection Agency declared environmental 
tobacco smokea class A human lung carcino- 
gen in 1992, by which time grassroots 
‘campaigns Were under way to protect both 
machines and people from this pollutant. 

One reason we know a lot about the 
tobaceo industry stems from the millions of 
pages of internal documents released in the 
‘course of litigation, Documents now available 
confine (4) contain a vast andl largely untapped 
wealth of information about the industry, 
including letters to and from consumers and 
relations with foreign tobacco entities. In 
2006, some 45 million pages became full-text 
searchable. So anyone with an Internet con- 
nection can now call up all documents con- 
taining expressions like “please destroy.” 
‘cold hard facts." “cigarettes 
"or “doubt is our product.” 
Searches of this sort allow one to probe the 
rhetorical microstructure of a major corpors- 
tion cluster, which has never before been pos- 
e. With simple Boolean operators and 
fication of document type (press release, 
nsuimer letter, ete), the possibilities are vir- 
tually endless, 

Brandt's book is oddly pes- 
simistie on its inal page, conclud 
ing that the cigarette industry 
here to stay.” If recent events are 
any guide, however, it could well 
that the reforms now sweeping 
Italy, France, Ireland, and even 
Germany could presage a broader 
rollback of the industry. The big 
‘gest threats to its continued success 
could come from unanticipated 
directions—if, for example. the industry's 
malfeasance could be shown to be a crime 
against humanity, or if people were to start 
looking more creatively at the causes of 
global warming. Tobaceo growing is among 
the world’ leading causes of deforestation, and 
cigarettes are a leading cause of industrial and 


and in the 
United States alone tobaceo growers apply 23 
million pounds of pesticides every year. The 
iribution from eliminating smoking would 
be equivalent to raising fuel economy standards 
by several miles per gallon, 


wwwsciencemag.o1a 


And we're not talking about a cottage 
industry. Over 500 million kilometers of ciga- 
reties are smoked every year, enough to make 
continuous chain from Earth to the Sun and 
back, with enough left over for a couple of 
round-trips to Mars. Are the virtues of the 
golden weed really worth these unsurpassed 
health and environmental costs”? 
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ENVIRONMENT 


Because Computers 
Don't Compost 
Robin Nagle 


cholars of material culture “read” objects 
S in an attempt to learn about variables 

like social organization, technological 
advances and adaptations, family structure, re 
‘gious practice, and even simple habits of every- 
day life, Archacology, the granddaddly of mate- 
rial culture studies, grew out 
‘of gentlemanly attempts to 
‘enliven the past by serutiniz- 
ing and speculating about 
its buman-made or human- 
marked lefiovers. Anthro- 
pology more generally has 
studied material culture fora 
century and a half, Franz 
Boas, a prominent figure 
{in anthropology’s formative 
years, first made a name for 
himself when he broke with common museum 
practice by insisting that artifacts collected from 
small-scale societies be considered within their 
cultural contexts, 

Today. across disciplines as far-ranging 
American studies. folklore, sociology, cul- 
tural geography. and the history of conscious- 
ness (to name only a few), students of mat 
rial culture ask questions of objects—even 
secking narratives that objects might re- 


The reviewer i at the Draper Program, New York 
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veal—to better understand expressions of 
humanness as olds civilization and.as young 
erday’s trash. 

The latter constitutes a particularly rich 
approach. William Rathje, a Harvand-trained 
archaeologist first based in Arizona and now at 
Stanford has built career around careflinves- 
tigations of contemporary household garbage, 
Hehasalsoexcanated some ofthe United States’ 
mos infamous landfills. Heavily compressed 
strata in some older landfills never decompose, 
making them vast inadvertent repositories of 
material ices of culture across the turnultuous 
20th century. “The artifacts that will fully repee 
sent our lives are safely stored within mega- 
time-capsuiles, which we call landfills” he 
\writes. “Is these anonymous, random remains 
that will tell ourstory wo the future..." (I). 

A landfill is literally stufted with goods 
‘gone bad, things mundane and rejected, that 
suggest an infinite number of narratives. A 
recent but already ubiquitous example of such 
landfilled material culture, ripe with story. is 
the defunct electronic device. Cyber-tools 
become cyber-rish at a worldwide rate of 20 
million to 50 million metric tons a year, says 
Elizabeth Grossman in her thoughtful and 
disturbing book, High Tech Trash: Digital 
Devices, Hidden Toxics, and Human Health 
She notes that they contribute as much as 70% 
of the heavy metals and 40% of the lead in 
Jandfills today. But the end point, as Gross- 
man ably demonstrates, is only one of many 
convoluted narratives. The stories that 
mate electronics have many plots, subtexts, 
and contradictions. 

Grossman (an environmental writer based 
in Portland, Oregon) attempts a Herculean 
task when she sets out to tell these many tale 
through life-cycle analyses of digital devices, 
from extraction of their raw components 
through their design and manufacture to their 
final resting places. Wayne Rifer, an environ- 
mental consultant she quotes, neatly sums up 
the challenge, “What you measure, you mi 
age." He is referring to U.S. Environmental 
Protection Agency policies instituted in 2005 
to track electronics as its own category of 
refuse, but the phrase is shorthand for themes 
at the heart of this book. Global links among 
research, development, manufacture, distribu- 
tion, consumption, and discard are almost 
impenetrably complex, making them ex- 
tremely difficult to measure or manage. A pet= 
ient and chilling consequence weaving 
throughout the book is an environmental 
impact so profound and pernicious that the 
word “footprint” is too limp. The impact can 
more accurately be called a trampling, 

Consider silicon. Grossman proves herself 
a graceful writer in explaining the many and 
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confiising processes that turn silicon into a 
chip. Much of the work relies on toxins and 
immense quantities of water, putting workers 
at risk and polluting heavily. The longer-term 


where the human drama becomes especially 
poignant. For years, the town of Mountain 
View in California was proud to host comy 
nies like Fairchild Semiconductor, GTE, Intel 
and Mitsubishi. On the other side of the coun- 
try, in Endicott, New York, townsfolk were 
equally proud of the local IBM plant. Those 
ime villages now host some of the nation’s 
largest Superfund sites as they grapple with 
vast plumes of trichloroethylene (TCE) in 
their groundw 
Environmentalists and state regulators believe 
that TCE, thought to bea neurotoxin, found its 
\way into local water supplies through persist- 
ently sloppy and even illegal disposal prac 
tices used by businesses engaged in allegedly 
“clean” electronics manufactur 

In tracing the alphabet soup of metals 
commonly found in electronies (aluminum, 
cadmium, gold, iron, lead, mercury, nickel, 


aquifers, and private wells. 


silver, tin, and zine are just some), Grossman 
delves deepest into copper. About two-thirds 
ofthe world supply is obtained from open-pit 
mines, A quarter of the annual global pro: 
duction is destined for digital devices; some 
computers can include up to 1.8 kilograms. 
Although copper is 100% recyclable, it is 
rarely retrieved. The challenge lies in the 
copper being scattered across millions of 


individual machines, built into components 
not easily disassembled. 

Recycling computers and other high-tech 
trash, although technically feasible, is not yet 


practiced on a large scale. (According to 
Grossman, 90% of discarded electronics end 
up in landfills or incinerators.) Most e-junk 
sent to reeyelers finds its way to the develop- 
ing world. One of the book's most unsettling 
sections describes families in China and in 
India dismantling computers by hand in the 
open ait, burning circuit boards in makeshift 
hearths, and sluieing computer innards in pans 
of acid to retrieve trace bits of metals. The 
fires foul the ing childhood asthma 
rates. The acid baths have made local water 
tunpotable, so supplies arrive by truck (2). 

The European Union leads worldwide 
efforts to regulate e-recyeling and to prevent 
such abuses. Its Waste Electrical and Ek 
tronic Equipment directive requires manufitc- 
turers of all electronics to take back and recy~ 


Visit our Books et al. home page 


www.sciencemag.org/books 


4MAY 2007 VOL316 SCIENCE 


Dealing with digital garbage in China. Large quantities of obsolete electronics are shipped to developing 
‘countries where labor is cheap and environmental protection ta, 


cle ther spent goods. policy known asextended 
producer responsibility. Consumers may 
return used digital gizmos to local collection 


centers or directly to manufacturers, without 
charge. In addition, makers must provide 


recyclers with materials lists, a novel re 
ment in the world of high tech, and nations 
that would import e-waste for recycling must 
have labor and environmental safeguards 
equal to those of the exporting country. In 
other words, ifthe nation that wants to reeyele 
electronics allows conditions that would not 
be legal in Paris or Pra 
or Prague (or from 
is prohibited 
Similar national legis! 


\gue, export from Paris 
the EU) 


nywhere else 


Wn in the United 
States does not exist. Grossman points to a 
thick collection of compet 
Will probably guarantee a continued stalemate 


makes High Tech Trash a sobering 
ead. The author stray's occasionally toward 
the grim tradition of environmental journal- 
ism that gone as to pr 
clude any real solutions, but she avoids a 
descent into pure gloom with accounts of indi- 
viduals and organizations working hard for 
cures toa host of electronic ills 

Among those ills are literal physical ail- 
ments, A class of brominated flame retar- 
ants called polybrominated diphenyl ethers 
(PBDES), used in the hard plastic casing of 
many electronics, have achieved thorough 
global distribution, an especially insidious 
fact because they accumulate in organisms. 
PBDEs are becoming the polychlorinated 
biphenyls (PCBs) of the 21st century—but 
are not to be confused with tetrabromo- 
bisphenol A (TBBPA), a different kind of 
flame retardant used in circuit board plastics 


atalogs crises so fa 


and considered highly toxic to organisms liv= 


ing in water. Had Grossman included a glos- 
sary, it would have provided a quick refer- 
cence and thus an easy way to recall specific 
details about the many substances she dis- 


cusses, The book would also have benefited 
from lists of organizations, laws, and direc= 
tives, because those, too, are shorthanded 
with a clutter of acronyms, 

But that’sa small quibble, igh Tech Trash: 
adds an important voice toa body of literature 
that dissects material culture to reve 


politics of knowledge and of ignorance; the 
politics of expertise and of suimpluary eon 
trol; the polities of connoisseurship and of 
deliberately mobilized demand” (3), forces 
that, in the life stories of electronies, ean 
‘obscure real risks hidden within the tan 


complex story, 
Remember when the computer age was 
touted as a nostrum for the accumulated sins 
of the Industrial Revolution? In thorough 
detail, Grossman reveals how dangerously 
delusional this notion has become. The once 
liberating story of electronic devices has 
found a sequel as Grossman details concomi 
tant narratives of waste. environmental degra- 
dation, and political weakness, The chips may 
be tiny. but their impact is vast and alarming. 
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MEDICINE 


Environmental Biology and 


Human Disease 


David Schwartz* and Francis Collins 


he etiology of most chronic human dis- 

id cancer) is comple. involving amix 
of genetic and environmental factors interact- 
ing with each other over hours, days, months, or 
years. Until recently, however, the disciplines of 
environmental sciences and genetics have pro- 
ceeded independently: investigators in the 
former discipline have focused primarily on 
adverse conditions and diseases that are etio- 
logically driven by environmental factors (such 
aas benzene-induced leukemia), and those in 
the latter field have been finding genetic fac~ 
tors for highly heritable conditions (such as 


Environmental exposures 


cystic Fibrosis). Progress is now 4 
being made in identifying common 
genetic variations that contribute 
to complex diseases such as age 
related macular degeneration (1,2), 
type 2diabetes (3,4), and prostate can- 
cer (5), However the best opportunity toreduce 
risk in genetically susceptible people for the 
foreseeable future will not be to re-engineer 
their genes, but to modify their environment. 
The successful dietary treatment of phenyl- 
ketonuria isa clear example 

Weneed to understand how genetic factors 
and environmental exposures interact in indi- 
vidualsto ater normal bi function and 
toaffect the risk of disease development. This 
basic information is critical to understandin; 
why and under what circumstances certain 
individuals develop disease and others remain 
healthy. Defining environmental contribu- 
tions is also critical in identifying how and 
under what circumstances DNA sequence 
variations affect disease pathogenesis. For 
example, polymorphisms in CD14 and 


Toll-like receptor 4 are relevant in endotoxin- 
induced asthma but not in other more com- 
mon types ot 7 
Progress fying genetic variations 
that contribute to common disease has been 
rapid in the last few years. Building on the 
foundation provided by the Human Genome 
Project, the International HapMap Con- 
sortium provided a public map (8) of human 
genetic variation, Dramatic advances in geno- 
typing technology have led to a drop in 
cost of more than two orders of magnitude in 
just S years, 
The same rapid rate of progress 
has not been achieved for precise 
quantitative assays to meas- 


ure environmental factors 
that contribute to adverse 
health outcomes. Certainly, 


ronmental contribu- 
tions is much more 
difficult than for genetic 


‘ones. The genome of an individual represents a 
bounded set of information, remains basically 
stable over time, and is very well suited to 
multiple analytical approaches. The potential 
universe of medically significant environ- 
mental exposures is much less well defined. 
and disease may appear several yearsafierthe 
exposure has ended. However, another expla- 
.n is apparent by contrasting the exten- 
sive investments in new genetic and genomic 

nologies over the past two decades with 
the much more modest expenditures in expo- 
sure sciences. 

Traditional methods of assessing human 
exposure to chemical, dietary. physical, and 
psychosocial factors involve measur 


potentially toxic agent or exposure in environ 


Better environmental biosensors are needed 
to study gene-environment interactions 
associated with disease. 


mental samples (ar, water, or food) or biologi 
cal specimens of blood and urine or, more 
commonly. characterizing the exposure event 
itself with regard to frequency, duration, and 
severity through questionnaires and other 
methods of recall. For example, the Centers for 
Disease Control and Prevention (9) have 
developed an extensive array of precise assiys 
for toxins (natural source) and toxicants (syn- 
thetic source) that can be measured in various 
human specimens, However, these assays are 
not intended to provide information on the 
extent of the environmental exposur: 


the individual biological response, or the 
temporal relation between exposure and 
biological response. Existing methods of 

assessment 
fail to capture the in- 
dividual and dynamic 
extent of the exposure 
and its impact_on 
fundamental biologi- 
cal processes. 


expos 


Imagine that you 
could visit your family 
physician and be in 
formed, by way of a 

personal sensor, that you. 
have been exposed to a 
harmful substance that 
‘would explain why you 
fare sick and inform you 
and your physician about 
how you should be treat 
‘ed, Imagine that you could wear a specialized 
wristband or a “smart shirt” that could alert 
you to the fact that your environment contains 
levels of air pollution that may increase your 
risk of having an asthma attack, Imagine that 


you had a hand-held device that could be used 
tw determine whether the food you are eating 
contains harmful levels of trans fats, given 


‘your genetic predisposition to heart disease 
nt advances in environmental and bio- 
logical sensors suggest that the technologies are 
athand. or can be readily engineered, to provide 
precise measures of chemical and biological 
hazardsat the point of contact orto characterize 
the “biological fingerprint” left by a class of 
environmental stressors. Sensor technologies 
hold exceptional promise for providing critical 
information for continuous (real-time) data 
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collection and simultaneous measurement of 
multiple agents (muiplexing) within a single 
device. New sensing modalities have emerged 
from nanotechnology and nanoengineering, 
medica 
could be adapted and developed for the expo- 
sure sciences, Artificial receptors such as 
molecularly imprinted polymers (MIPS) have 
potential as stable surrogates for biological 
recognition agents such as antibodies, en- 
zymes, tissues, or cells (10), 

In addition to being self-contained, these 
sensors should be capable of quantitative, 
continuous data capture in the field, without 
the need for sample processing and analysis at 
‘a laboratory. These devices must be easy-to- 
use; portable; minimally inconvenient (wrist- 
band, watch, phone, or lightweight purse): 
rugged: and inexpensive to deploy. This will 
require sophisticated computer systems and 
analytic approaches that ean handle the im- 
mense volume and complexity of data gene 
ated foreach individual and. also, would allow 
for integration of data on environmental ex- 
posures with genetic factors for the individual 
and the population, 

Multiple molecular changes can result 
from environmental stressors, but not all of 
these changes are linked to increased disease 
risk. Thus, biosensors will need to record inter- 
nal, molecular events that signify increased 
risk of disease from exposures to different 
forms of environmental stress, sich as patterns 
‘of gene or protein expression (/ /), as well as to 
measure response indi as DNA or 
protein adducts (/2) that persist even afier the 
‘exposure has ended. 

The importance of this opportunity has 
been recently highlighted at the National 
Institutes of Health by the launching 
of the Genes, Environment, and Health Initia- 
tive (GEL) (/3), with strong support from 
USS. Health and Human Services Secretary 
Michael Leavitt and NIH Director Elias 
Zethouni. This $40 million-a-year interdi 
plinary initiative, managed by a coordinating 
committee that we cochair, includes an EX- 
posure Biology Program. The near-term woal 
of the program is to develop new noninvasive 
tools and biomarkers for assessing individual 
‘exposures to environmental stressors that 
imeract with genetic variation to result in 
human disease. However, to fully appreciate 
the predictive importance of these measures of 
‘exposure, this technology needs to be deployed 
in large-scale case-control and population- 
based genetic studies of health and disease, 
some of which will include genome-wide 
association analysis through support from the 
Genetics Program of GEI and the National 
Children’s Study (/4). 
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Establishing partnerships in the scien- 
tific, technical, engineering. and business 
communities will be critical to our success. 
We need to define collectively appropriate 
milestones and verables for what can be 
achieved with this new technology. focus- 
ing on the types of environmental expo- 
Sures and response indicators to be meas- 
ured, the type of applications, and the level 
of temporal and spatial resolution. For 
example, there is a vast range of potenti 
applications for small-scale sensing di 
vices, such as cell-based microsystems or 
lab-on-a-chip technology, from the dete 
tion of individual molecules within single 
cells, to the measurement of global changes 
in genes, proteins, and metabolites in 
peripheral biofluids (/5, 16). We need to 
define the most critical questions in expo- 
sure biology up front so that scientists and 
the public understand the scope of technol- 
ogy that is required. In turn, engineers and 
manufacturers must identify the technolog- 
ical limitations and needs in this field. 

Short-term strategies should target 
specific, attainable goals and deliverable 
devices that provide integrated panels of bio- 
markers for priority classes of environmental 
stressors, such as pesticides and solvents, as 
\well as cholesterol-rich or heavy metal-con- 
taminated foods. Immediately available tech- 
nologies include point-of-contact environ- 
mental sensors and biosensors based on 
molecular assays, such as global protein or 
metabolite profiling and molecular imaging. 
Short-term strategies could be adapted for 
future applications that provide a much 
broader range of analytes and that include 
measurement of previously unknown stressors. 
More long-term investments should target 
high-risk, potentially high-benefit technolo- 
gies, such as lab-on-a-chip or microfluidic 
devices, molecular probes, and imaging sys- 
tems that incorporate multiplexed sensing 
capabilities for concurrent detection and 
quantification of environmental stressors 
‘with geospatial referencing and remote. real- 
time data capture. 

‘A major hurdle is that the expertise 
needed to advance the science spans so 
many highly specialized fields and that 
interdisciplinary training and research op- 
portunities are just beginning to evolve. 


Environmental Health Sciences and the 
National Human Genome Research Institute 
have initiated a training program in environ 


mental genomics (17) to bring these disci 
plines closer together and to train a new ger 
eration of scientists who are equally at home 
in both fields. 


Initial field deployment will need to focus 
‘on small-scale studies and leverage. to the 
extent possible, existing population studies 
of environmental and genetic risk factors. 
This will allow time and opportunity to 
develop protocols that standardize methods, 
of sample collection, processing, and stor- 
age: labeling molecules such as peptides 
with isotope tags; developing internal refer~ 
‘ence standards: and conducting data analy- 
These steps are essential to achieve sufli- 
cient reproducibility and reliability of results 
that would make large-scale studies worth- 
while. Concurrently, there would also be 
tremendous value to developing a biosample 
and data repository to promote sharing of 
scientific resources and discoveries made in 
exposure biology across multiple research 
programs. Of course, this would require a 
bioinformatics infrastructure to analyze the 
volumes of environmental and biomarker 
data enerated and to integrate these data 
with the corresponding genomic information 
available for each individual and/or popula 
tion. Ultimately, it ishoped that GEL will pro- 
vide a way to identify subsets of individuals 
With high disease risks due to particular com- 
binations of genetic variants and envire 
mental exposures or stressors, as Well as to 
Jead to targeted therapies and intervention 
techniques for disease prevention and more 
effective health maintenance. 
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Dance of the Embryo 


Richard R. Behringer 


picture may be worth a thousand 
words, but in biology it has become 


ncreasingly clear that static image 


are not sufficient to elucidate the complex. 
behaviors of cells in their natural environ 
ment, This is especially true in the field of 
embryology, where snapshots of the progres 


sion from fertilized egg toadeveloping organ- 
ism—with distinct tissues and a defined body 
axis— provide li 
happened before the picture was taken and 
offer little clue as to what might happen next. 
Technical difficulties have hindered progress 
in understanding the earliest stages of 
mammalian embryonic development before 
implantation in the uterus, On page 719 in this 


Zona pellucida 


O0G®@ 


Four cells eventualy 


One cell Two cells 


mammalian blastocyst consists of a 
e layer of cells called the trophoblast that 
surrounds a fluid-filled cavity. An inner cell 
mass of pluripotent cellsis located at one side 
of the blastocyst called the embryonic (E) 
pole. Opposite ofthis isthe abembryonic (Ab) 
pole, creating the embryonic-abembryonic 
(E-Ab) axis (2). The trophoblast gives rise to 
placental tissues, whereas the inner cell mass 
gives rise to the embryo proper andl some pla 
cental tissues. Although the functional impor 
tance of the E-Ab axis has yet to be dete 
mined. itis the first morphological axis that 
can be distinguished in the developing mouse 
«embryo, and researchers have concentrated on 
the molecular and cellular mechanisms that 


nner cell mass 


become a blastocyst 


Imaging of early mouse embryonic 
development in vitro and in vivo raises 
‘new questions about how the embryo’s 
initial axis is determined, 


found that the blastomeres move exten- 
sively at each stage of cell cleavage, causing 
the embryos to move within the zona pellu- 
cida. By following the cellular progeny of 
ch of the two initial blastomeres (of the 
two-cell stage embryo), the authors deter- 
mined their final positions within the blas- 
tocyst. Each of the initial two blastomeres 
fs rise to cells in both the embryonic and 
abembryonic regions 

Of course, one could argue that in vitro 
conditions might alter normal embryonic 
development. Therefore, the authors devel- 
‘oped another transgenic mouse line that ubiq- 
uitously expresses a green fluorescent protein 


but emits red fluorescence after exposure to 


Watching every move. (Left) A schematic of four stages of early mouse embryonic development. The blastocyst-stage embryo of a transgenic mouse in 
Which all the nuclei are labeted with a nuctear-localized fluorescent protein; bright-field (middle) and fluorescence (right) mages. 


issue, Kurotaki etal. (/) report using live fluo 
rescent imaging to directly view a preimpl 
¢ mouse embryo as it develops 
froma fertilized egg intoa blastocyst, spher- 
I structure of about $0 to 60 cells, The cells 
(blastomeres) of these embryos move much 
more than previously thought, which has 
obscured our understanding of how the blasto~ 
eyst is formed. The movies of Kurotaki etal, 
provide the clearest views of early mam- 
Lian embryo axis formation 

So-called preimplantation embryonic 
development includes fertilization of the 
oocyte followed by its cleavage to produce 
blastomeres. The first steps of cellular differ- 
entiation occur within an acellular glycopro- 
tein-rich membrane called the zona pellu- 
cida (see the Figure). Kurotaki etal. find that 
blastomeres move extensively, causing the 
within the 


embryo to wiggle and “dance 
zona pellucida 
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lead to its formation (3). It has been thought 
that the E-Ab axis may presage the anterior- 
posterior body axis 

The ideal way to follow the fates of cells 
within a developing embryo is to wateh the 
embryo, unperturbed, in its natural enviro 
ment, Intrusive methods, such as injecting 
‘molecules into blastomeres to mark them, or 
removing or adding blastomeres, can alter 
normal development. In recent years. Nuores- 
cent proteins have been created to visualize 
specific organelles (for example, the nucleus) 
Within live cells (4, 5). Kurotaki et af. gene 
ated a transgenic mouse line in which the 
ene for anuclear-localized green fluorescent 
protein was introduced into a ubiquitously 
expressed genetic locus. The fluorescent pro- 
tein is thus expressed in all cells, and py 
cisely pinpoints the position of each blas- 
tomere and its cellular progeny by “painting” 
chromosomes as the cells divide. The authors 
could continuously image the embryos from 
the two-cell stage to the blastocyst stage in 
Vitro by fluorescence microscopy. Consistent 
with previous reports (6), Kurotaki e” al 
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‘weak ultraviolet light (7). As such, one blas- 
tomere of a two-cell-staze embryo could be 
labeled red. while the other remained labeled 
with green fluorescence, These dual-labeled 
bryos were then transferred into the 
oviducts of female mice for in vivo develop- 


ment to the blastocyst stage, and the distribu 
tion of green and red cells was determined, 
These in vivo results were essentially identical 
tothe in vitro results, 

The findings of Kurotaki etal, are gener 
ally consistent with other reports that each 
blastomere of the two-cell embryo will give 
rise to cells in both the embryonic and abem- 
bryonic regions, and with the relation of the 
positions of the blastomeres in the two-cell 
embryo (called the two-cell boundary or 
axis) to the E-Ab axis. The study also re 
solves some discrepancies between these 
previous studies by showing that when these 
‘dancing” embryos within the zona pellu- 
are immobilized with alginate, there isa 
correlation between the two-cell boundary 
and that of the E-Ab axis. A controversial 
gests that one blas- 


recent study (8) sug; 
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tomere of a nvo-cell embryo gives rise to the 
entire trophoblast and the other to the entire 
inner cell mass, and that these fates correlate 
‘with the localization of Cdx2 protein. a tran- 
scription factor. The elegant results of 
Kurotaki ef af, clearly demonstrate that the 
establishment of the E-Ab axis does not 
depend on cell lineage; that is, each blas- 
tomere at the two- and four-cell stage gives 
rise to cells in the embryonic and abembry- 
onic regions. These results are also consis- 
tent with the notion that E-Ab axis forma- 
tion does not depend on localized molecules 
within the zygote (3,6), 

Although much attention has centered on 
the formation of the E-Ab axis, there isstill no 
evidence that this axis has any functional rele~ 


vance forthe development of subsequent axes 
in the mature organism. Kurotaki er al. also 
show that the zona pellucida is not spherical 
but rather ellipsoidal and that the E-Abaxis of 
the blastocyst aligns with the short axis of the 
zona likely because of the physical constraints 
exerted by this glycoprotein layer (6). The 
shape of the zona pellucida and alignment of 
the E-Ab axis may facilitate the movements of 
the zona pellucida-enclosed blastocyst from 
the oviduct into the uterus or movement 
through the uterus to implantation. 

Is this E-Ab axis conserved in oth 
mammals, including humans? Marsupial 
blastocysts do not have an inner cell mass, 
and egg-laying mammals do not generate a 
blastocyst (¥). Snapshots of these other 


types of mammals still only offer a limited 
view of the true picture, Their embryonic 
dances remain a secret, 
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MATERIALS SCIENCE 


How Nanowires Grow 


Volker Schmidt and Ulrich Gésel 


ny controversies boil down w 
M« of two distinetly different 
sxplanations, models, oF options is 


the correct one, On page 729 of this issue, 
Kodambaka ef al (/) address a long-standing 
controversy-—whether, below a certain 
temperature, the growth of semiconductor 
nanowires involves a liquid droplet or a 
solid particle of the catalytic material 
Unexpectedly, their elegant experiments show 
that both answers are comrect: Under the same 
experimental conditions, growth may occur 
Viat a liquid droplet and via a solid parti 
The results may help to devise methods 
for controlling the growth of nanowires 
Semiconductor nanowires have em- 

erged alongside carbon nanotubes as a 
potential building block for future nanome- 
ter-scale electronic devices. Yet, in contrast to 
carbon nanotubes, which may be either semi- 
cconditcting or metallic, the properties of semi: 
conductor nanowires are always determined 
by the properties of the semiconductor mate- 
rial they are made of. Furthermore, a variety 
of semiconductor materials —such as silicon, 
germanium, gallium arsenide, and gallium 
nitride—with different electronic and optical 
properties may be fabricated in the form of 
nanowires, All these features make semicon- 
ductor nanowires especially attractive for 
future electronic and photonic nanodevices. 
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‘Most semiconductor nanowires are fabni- 
cated by the vapor-liquid-solid (VLS) process 
originally suggested and investigated more 
than 40 years ago by Wagner and Ellis ( 
In this process, the semiconductor material 
(usually supplied as 3 gas) is absorbed by liq- 
uid nanodroplets of an appropriate catalytic 
nanodroplets, 
tips, serve as seeds for 
nanowire growth and also determine the 
nanowire diameters, The semiconductor 


In}, 


Germanium nanowires. The mechanism by which Ge nanowires grow 
‘may depend not only on the temperature but also on the diameter of 
the nanowire, as shown by Kodambaka et al. Above J, (left), the 
nanowires have a liquid gold cap and grow via VS growth. Below 7, 
(right, the cp of relatively thick nanowires is liquid, whereas the cap 
of relatively thin nanowires becomes a crystalline solid. The latter 
nanowires grow via a different mechanism that is slower than 


VAS growth. 


controversy about the way in which 
semiconductor nanowires grow has been 
resolved. 


the droplet and the nanowire, thereby extend- 
ing the length of the nanowire, Morales and 
Lieber were the first use the VLS process in 
1998 in the context of nanoelectronics (3), 
triggering a worldwide avalanche of research 
activities into nanowire synthesis (4). 

In VLS growth, the liquid droplet consists 
not only of the catalytic material but also of a 
in amount of the semiconductor material 
in question. This is because the mixed 
material has a much lower melting tempera 
ture than each of the two constituents, for 
‘example, gold and germanium, 
The lowest possible melting 
temperature fora specific com- 
position is called the eutectic 
temperature, T,. For the gold- 
germanium system, this tem- 
perature is 361°C and occursat 
a Ge:Au ratio of 7:18, 

pave the eutectic tempera 
ture, semiconductor nanowires 
grow via the VLS mechanism, 
However, nanowire growth has 
also been reported to occur at 
temperatures below the eutec- 
tic temperature (5-9). Any 
growth observed in these cases 
should involve a solid catalytic 
particle. However, errors in 
the temperature measurement 
could not be excluded: further- 
more, the eutectic temperature 
may shift asaresult of nanome- 
ter-scale size effects, It there~ 
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fore remains hotly debated whether the cat- 
alyst in this case is a liquid droplet or a 
solid particle. 

The problem with most investig 
on this subject was that detailed structural 
analyses, for example, w 
fraction methods, could only be performed 
after the growth had terminated, leadin, 
to additional uncertainties. In contrast, 
Kodambaka et al. (/) invest the 
growth of gold- 

anowires in situ ina t 


microscope that allows for the supply of 

smanium vapor in the form of digermane 

(Ge,H,) gas, 
For the 


m, Sev 
eral reports have suggested nat 

growth below the eutectic temper 
(5. 6). key indicator was the shape of the 
gold at the tip of the nanowire. A liquid 
gold droplet has a smooth, almost half- 
spherical shape, whereas solid gold shows. 


planes, edges, and corners that may easily 
be identified, 
As expected, above the eutectic tet 


per- 
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ture, nanowire growth involves a liquid 
droplet on top of the germanium nanowires 
(see the figure. left panel). However, when the 
authors reduced the temperature to below the 
‘eutectic temperature while keeping the supply 
of germanium constant, they observed two 
distinctly different phenomena (see the 
right panel). Some gold nanodroplets re- 
mained liquid even though the temperature 
was, in one case, more than 100°C below the 
T, of 361°C. The authors observed this VLS- 
type growth mostly for nanowires with rel 
tively large diameters. 


In contrast, for nanowires with relatively 
small diameters, the gold droplet became 
solid as the temperature fell below T,. The 
nanowires continued to grow, but did so much 
more slowly than in the case of VLS growth 
(see the figure, right panel), Further cooling 
experiments showed that the transformation 
‘ofthe gold caps from liquid to solid attemper- 
ature below 7, could be delayed for tens of 
minutes. Kodambaka et af. show that this 
delay depends on v 
the vapor pressure, the temperature, and the 


ers, such as 


The New Face of Catalysis 


Danie! L. Feldheim 


secure energy future depends heavily 
1m whether chemists and materials 
scientists can discover more efficient, 


stable, and economical catalysts for the prc 
duction and use of alternative fuels. Indeed, 
recent report by the Department of Enery 
c. specif 
cally citing the need to understand the rela 
tionship between catalyst structure and chem- 
istry, and to exploit advances in the synthesis 


describes this as a grand challen; 


of nanoscale materials (/). As reported on 
page 732 of this issue, Than er al. have made a 
breakthroug 
catalysts (2). They describe the synthesis of 
platinum nanoparticles of an unusual sha 

Remarkably, the crystals each possess 24 


in the synthesis of nanoscale 


faces (see the figure), which confer an en- 
hanced ability to oxidize onganie fuels, such as 
formic acid and ethanol, compared with the 
nalogouss spherical polycrystalline particles 
Researchers have known that a material's 
size and shape strongly affect its properties 
since the 1850s, when Michael Faraday postu- 
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lated that the color of ruby 
glass was due to finely 
divided gold particles. To 
test his hypothesis, Fara 


day developed a method 
for prepa 


gold colloids (3). Sus- 


aqueous 


pended in solution, these 
spherical colloids exhib- 
ited the same brilliant red 
colors observed in ruby 
Today. the 
trolled synthesis of gold 


glass, om 


and silver rods, cubes, 
hollow shells, and trian- 
gular prisms allows their colors to be tuned 
across the visible spectrum and into th 
infrared range (4). 
The catalytic pr 


of metal 


opar- 
ticles are every bit as dramatic as their optical 


properties. Long considered an inert metal, 
gold nanoparticles supported on TiO, are 
highly active catalysts for the oxidation of CO 


Id reactivity appears to peak 


(4). Moreover. 
at nanoparticle diameter of 3 nm, The catalytic 
activities of platinum nanoparticles with tetra- 
hedral, cubic, and spherical shapes also vary 
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diameter of the nanowires. 
The experiments of Kodambaka er al. 
clearly demonstrate that—even well below the 


eutectic temperature—the gold catalyst 
droplet can remain liquid, corresponding to 
VLS growth, and that solid gold particles ean 
alyze nanowire growth. Which situa 

tion is actually present in an experiment 
depends on specific parameters, including the 


thermal history of the samples, This opens 


new opportunities to control of the growth of 


wires, which will bring nanowires one step 
closer to real applications 
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Platinum nanocrystals with unusual shapes 
show unusually high catalytic activity, 
suggesting possible ways to enhance 
catalysis in other materials 


‘Muttitaceted particles. Platinum nanoparticles with 24 high-index [730] 
faces (let) have an abundance of low-coordination,high-reactivity atomic 
edges sites (right). [Adapted trom (2)] 


significantly (5). These reactivity diff 
an be attributed in part to the potential bind- 
ing sites presented by atoms situated at the 
corners and e woparticle, Indeed, 
the data show that the rate of a catalyzed reac 
tion increases exponentially with the pereent- 
1¢ of these atomic sites (5). A major chal- 
for catalysis researchers lies in under 
how to control nanoparticle shape to 
maximize the number of coordinatively unsat- 
urated (open) surface sites. 
For thisreason, the results of Tian eral, are 
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‘most compelling. Most nanoparticle synthesis 
methods result in nanoparticles bounded by 
low-indes, low-energy faces such as the 
{TLL} oF { 100} atomic planes (6). This 
intuitive sense, as any high-enet 
should grow itself out of existence. leaving 
particles bound by more stable faces. 
Unfortunately. particles with mostly tow- 
energy surfaces contain a low percentage of 
‘atomic edge and corner sites. The synthetic 
method of Tian er al, produces particles 
capped by {730} faces, a surface structure that 
contains a relatively high density of atomic 
step edges (see the right panel of the figure) 
The authors calculated that 43% of the total 
‘number of surface atoms reside along steps, 
‘which can be compared t0 6%, 13% 
for S-nm-diameter platinum cubes, spheres, 
and tetrahedral particles, respectively (5). 
Along with the increase in edge atoms, 
Tian er al, report an increase in the efficiency 
of ethanol and formate oxidation. The 
enhancement ftctor, defined as the ratio of fuel 
oxidation rates by Pt tetrahexadra (nanocrys- 
als with 24 fc spheres, was 400% 
for formate and 200% for ethanol, The plat- 
inum tetrahexahedra were also unexpectedly 
thermally stable, resisting morphological 
changes even at temperatures of 800°C. Thisis 
an important consideration in fuel cell applica 
tions where temperatures of hundreds of 
degrees Celsius are often employed to maxi- 
‘mize efficiency and reduce problems with CO. 
Perhaps as surprising as the resulting shape 
and catalyticactivity of the platinum tetrahexa~ 
hed is the method! Tian eal. used to fabricate 
the particles. A majority of synthetic methods 
‘aimed at manipulating the size and shape of 
nanoparticles have used molectil 
tants, or polymers to mediate partic 
When present in solution during particle 
nucleation and growth, these mediators can 
bind preferentially to certain faces of the grow- 
ing particle. This ean slow or speed growth 
along those faces relative to othe 
the shape of the resulting nanoparticle 
Like Michoel Faraday more than 150 years 
ago, however. Tian ef al, used an electrochem- 
ical method to generate their nanoparticles, 
electrodepositing them onto a graphite elec 
trode. Although the electrodeposition of 
spherical palladium nanoparticles and 
nanowires at constant potential has been 
demonstrated previously those structures had 
a rough and granular morphology and grew 
along step edges on the graphite substrate (7). 
Tian er al. first deposited platinum spheres 
on the electrode using a constant potential but 
then added a potential pulse sequence that 
alternated between reducing and oxidizing 
potentials at a rate of 10 Hz. The alternating 
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potential caused electrochemical reactions on 
the nanoparticle surface that may affect its 
growth in much the same way that molecular 
‘mediators manipulate the growth of nanopar- 
ticles from solution, During the positive 
potential steps, a monolayer of PLO and PrOH 
is thought to form on the high-index {730} 
faces, which increases their stability. In con- 
trast, axygen atoms may diffuse into the lattice 
beneath the {111} faces, creating an unstable, 
disordered surface structure. As the electrode 
potential is gradually made negative, the 
‘oxide hydroxide surface is removed. and fresh 
platinum is deposited in place of the atoms at 
the {111} face, preserving the ~ 

With this electrochemical peste w 
nanoparticle shape control, metal deposition 
times and adsorption reaction rates 
trolled precisely through applied potential and 
potential step frequency. Ic will be interesting 
to leam more about the role of these parame- 
ters in directing nanoparticle shape. It will also 


beexciting wo explore the electrochemical syn- 
thesis of mixed metal and metal oxide 
nanoparticles, because the presence of other 
atoms at edge sites inthe lattice could enhance 
catalytic reactivity further, while lessening the 
amount of expensive precious metall used. 
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PLANT SCIENCE 


Signaling to the Nucleus 
with a Loaded GUN 


Da-Peng Zhang 


Plant chioroplasts respond to environmental and developmental stress through a signaling 
pathway that controls gene expression in the nucleus. 


Cc hloroplasts, the cellular onganelte in 
plants where photosynthesis takes 
‘place, are responsible for capturing the 
solar energy that fuels the activities of many 
organisms on Earth. The ancestors of these 
plastids were cyanobacteria that were engulfed 
byacukaryotic cell. Through a process of sym- 
biogenesis, most symbiont genes were trans- 
ferred to the host genome, such that more than 
95% of chloroplast proteins are encoded by 
nuclear genes (/). This dispersal of genetic 
‘material requires plant cells to coordinate gene 
expression in both organelles. Much of this 
involves anterograde communication, from the 
nucleus to the chloroplast. In retum, chloro- 
plasts send retrograde signals tothe nucleus 10 
control the expression of nuclear genes that 
encode chloroplast proteins. This bidrectional 
signaling is necessary for plants to maintain 
their photoautotrophie lifestyle and adapt to 
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cchatlenging environments. On page 715 of this 
issue (2), Koussevitzky etal. begin to define a 
retrograde signaling pathway that multiple 
chloroplast signals use to communicate with 
the nucleus. 

Three independent chloroplast retrograde 
signals have been identified in algae and 
higher plants (3). The best-defined signal isthe 
accumulation of Mg-protoporphyrin IX (Mg- 
ProtoX),a tetrapyrote that is generated during 
chlorophyll biosynthesis. Alterations in plastid 
gene expression and in the photosynthetic 
electron transport chain also trigger retrograde 
signals, generally in response to aberrant 
chloroplast development and to stressful envi- 
ronmental conditions, However, litle has been 
known about how these events in the ehloro- 
plast impinge upon the nucleus. Koussevitzky 
ct al, now report that in the model plant 
Arabidopsis thaliana, the chloroplast-loca 
ized pentatricopeptide-repeat protein GUNI 
(genomes uncoupled 1) isa node where diff 
ent chloroplast retrograde signals converse. 
They also identify the nuclear AP2 
(APETALA 2)-type transcription factor ABI4 
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[abs |-insensitive 4] in S774 
this chloroplast-o-nucleus sig- 
naling pathway. This result not 


only identifies GUN | asacentral 
ignaling component, but also 
establishes that one signaling 
pathway is common to three ret= 
rograde signals, 

What is the identity of 
GUNI? Despite the isolation of 
the gun/ nuutant 14 yearsago (4), 
it has only now been cloned 
by Koussevitzky er al. The Anu- 
bidopsis GUN loci include the 
genes GUNT, 23,4, and 5( 


stress 


ee 


Photosynthests machinery 
Plastid gene expression 
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naling through GUNS. Both 
studies suggest that hormone 
naling shares some components 
‘with chloroplast-o-nucleus sig 
naling, but the two pathways do 
‘not appear to interact. But given 


the important role of abscisic 

SAYS acid in regulating the expression 

Ng Prot signal of nuclear genes that encode 

Redox signal ‘Unknown signal chloroplast proteins, itis worth 


further investigating whether 
the two signaling pathways 
intersect at some currently 
unidentified nodes or in some as. 
yet unknown mannei 


The proteins GUN2, 3,4, and 5 
constitute the machinery that 
generates Mg-ProtolX (6, 7). 
Previous genetic studies sug- 
gested GUNI involvement in 
both Mg-ProtolX and plastid 
_gene expression retrograde sig 
naling (3. 4), Kousseviteky etal 
identify GUN I as. a member of 
Pentatricopeptide-repeat super- 
family, one of the largest and 
most enigmatic protein families 
in land plants. There are about450 members in 
Anubidopsis, Pentatricopeptide-repeat proteins 
likely control zene expression by binding to 
RNA trinscripts in mitochondria (another 
organelle that harbors a separate genome) and 
chloroplasts (8). Only a few family members, 
however, have been ascribed biological func- 
tions, Koussevitzky ef al. show that GUN Lisa 
chloroplast-localized protein that binds 10 
DNA, suggesting that it may regulate retro- 
grade signaling by controlling plastid gene 
expression. Moreover, GUN I regulates a set of 
nuclear target genes in common with GUNS, 
andaets downstream of the Mg-ProtolX signal 
generators GUN2, 3, 4.and 5 (2). 

‘What are the targets outside the chloroplast 
to which GUNI relays the retrograde signals? 
Koussevitzky et a/. show that the nuclear tran- 
scription factor ABI4 is activated downstream 
of GUNI. In respons INI activation, 
ABI4 binds wo a specific regukstory element in 
DNA. thereby repressing the expression of tar- 
get genes. Furthermore. the GUNI-ABI4 
pathway not only conveys the Mg-ProtolX: 
nal, but also the retrograde signals derived 
from alterations in plastid zene expression and 
in the photosynthetic electron transport chain. 
tis not clear whether the three chloroplast sig- 
nals lead to the production of a common signal 
that is then perceived by GUN1, or whether 

5 GUNI genenites a common signal in response 

# to the three s 


8 sending the pertinent message to the nucleus. 
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Backtatk. Three chloroplast signals—Mg-ProtolX and signals derived from the 
chloroplast genome and the photosynthetic machinery—generate a common sig- 
nal. GUN may either generate this common signal or perceive i. GUN then com 
‘municates with the nucleus (by an unknown pathway) to control gene expression by 
the transcription factor ABI 


This is particularly interesting because the 
identity of plastid gene expression signal 
remains elusive. As well, the redox state of the 
plastoquinone pool or reactive oxygen species 
rated in chloroplasts elicits a nuclear 
response, but it has been unclear how redox 
signals are delivered to the nucleus. It now 
pears that these signals converge onto the 
GUNI-ABI pathway (see the figure). 

ABI also regulates nuclear gene expres- 
sion in response to the plant hormone abscisic 
acid (9), which plays an important ro 
chloroplast development and function. GUNS 
also happens to be a receptor for abscisic acid 
(10). In addition, abscisic acid precursor 
biosynthesis occurs in chloroplasts, and the 
‘onganelle harbors an intracellular pool of the 
hormone. This raises the question of whether 
the hormone signal and retrograde signals 
cross-talk to contro! nuclear gene expression. 
Regulatory elements that respond to abscisic 
acid are found in promoter region of many 
nuclear genes that encode chloroplast proteins. 
Moreover. abscisic acid represses the expres- 
sion of nuclear genes that encode chloroplast 
proteins including those involved in photosyn- 
thesis and tetrapyrrole biesynthesis(//). Many 
of these nuclear genes are also targets of the 
UNI-ABH retrograde signaling pathway. 
However, Kousseviteky et al. show that GUNI- 
ABI4-mediated retrograde signaling is inde- 
pendent of hormone signaling. Shen etal. (10) 
Iso show that abscisic acid signaling through 
{UNS is distinct from plastid retrograde sig- 


‘What might be the advantage 
of asingle pathway that integrates 
numerous signals? Because of 
their fixed location, plants must 
endure various stressful condi- 
tions, and as such, generate mul 
ple signals to ensure survival, The 
diversity of signals isnevessary to 
maximize the chancesof success 
fully altering gene expression, 
Integration of the multiple sig- 
nals is essential for coordinating 
_gene expression to achieve appropriate physio- 
logical responses. Such integration of multiple 
signals is seen in phytohormone signaling 
(/2)and flowering regulation (13), tis not yet 
clear whether GUNI function: one, oF 
Whether additional regulators are at work or at 
least poised to function when the GUNI- 
mediated step is lesioned. It seems necessary, 
for example, to explore possible redundant 
functions of GUN1 homologs within the pen- 
tatricopeptide-repeat family in regulating the 
retrograde signaling. and to screen other 
downstream transcription factors, The story is 
only beginning to unfold, 
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PLANETARY SCIENCE 


Hot News on Mercury's Core 


Sean C. Solomon 


‘ome 30 years ago the planetary science 
Mariner 10 spacecraft flew by the 
planet Mereury and detected an internal m: 


netic field (/), Earth's internal field is pro: 
duced by am 


yeti dynamo sustained by 
convective motions in the planet’s molten, 
iron-rich outer core. Although Mere 
high bulk density indicates that its domi- 
nantly iron central core is the la 


tional mass among the planets (2), the detec 
tion of its magnetic field 
Was surprising because 
Venus has no field and 
Mars and the M 
evidence only for ancient 
global fields. With a mass 
about 3% that of Earth, 
Mercury. had 


show 


been ex- 
pected to have cooled 
internally tthe point 
where either the core had 


solidified or co 


tion no longer occurs. A 
necessary condition for 
Mereury’s magnetic field 
to arise from an active 
Earth-like dynamo is that 
at least the out 


shell ofits 
core be molten. On p 
710 of this issue, Margot 
ef ail. report new obser- 
vations of v 


iations in 
Mercury's spin rate made 


With Earth-based radar. 
providing strong evidence that this condition 
ismet (3). 

The radar measurements constitute a tri- 


umph of vo theoretical ideas developed 
decades ago. Shortly afier the Mariner 10 
discovery, Peale (4) outlined a procedure to 
determine whether the planet has a fluid 

His method was based on the 
observation that Mercury isin an orbital state 
in which the planet completes thn 
about its spin axis for every two revolutions 
around the Sun. The procedure requires the 
measurement of the small oscillation in the 
planet's spin rate (libration) 
meters in amplitude 


¢ rotations 


a few hundred 
forced by solar torques 


The author iin the Department of Terrestrial Magnetism, 
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Core issues. The soli in 


as Mercury follows its 88- 


lay eccentric 
orbit, Additional parameters that must be 
known include the tilt of the spin axis and the 
components of the planet's gravity field 
describing the d 
fl nd out of round al 
the equator. The last two quantities have be 


ee to which the field is 


jened at the poles 


estimated, albeit with low precision, from 
Mariner 10 tracking observations made dur- 


ing the probe's three encounters with 
Mercury during 1974-75, but the librat 


EARTH 


amplitude and a sufficiently accurate pole 
Position were not 


own before now: 
The second theoretical development, by 


(5) and Holin (6), stems from the 
irregula 
ned from 


ties, or speckles, in 
planetary tar- 


spins, Under 
cometric constraints, analysis of 
als recorded at two stations on 
Earth can detect this rotation as the speckle 
pattem sweeps coherently across Earth’s sur- 
face. By combining many such paired n 
at different times and observing 
geometries, the position of the target planet's 
spin axis and periodic variations in the spin 
rite may be ascertained. 


Margot and his team (3) applied these two 
theories with spectacular results. From radar 
signals bounced off Mercury and recorded at 
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er core and fluid outer core of Earth are shown to approxin 


to be fluid (3), but is radius and the nature and radius of any solid inner core remain to be determined. 


Radar measurements show that the outer core 
of Mercury is molten, providing insight into 
the planet's history and the origin of its 
magnetic field 


Fs of radio antennas in Califor 
inia, and Puerto Rigo during 
20 observation periods from 2002 through 
2006, the group determined the position of 
Mercury's spin axis with a precision two 


orders of magnitude superior to the previous 
best estimate. Equally important, they de- 
tected Mercury's forced libration and deter- 
mined its amplitude for the first time. The 


amplitude is sufficiently large that Mercury's 


solid mantle and crust must be decoupled 


Mantle — 


MERCURY 


ate scale. Mercury's outer core is now known, 


from the planet’s core on an 88-day time 
scale. This result indicates that Mercury hasa 


molten outer core at 9: 


» confidence, a level 
ited at present by uncertainty in the 
knowles 


ity field. 


ige of Mercury's g 

‘The presence of a molten outer core is 
consistent with dynamo models for generat- 
ing Mercury's magnetic field but does not 
prove the existence of such a dynamo or dis- 


ish among competing models. One of 
the problems with an Earth-like dynamo is 
that the dipole strength of Mercury's field is 
some three orders of magnitude less than that 
of Earth. Explanations for the weak field 
involving a dynamo otherwise broadly simi- 
lar to Earth’s include a thin-shell dynamo (7) 


and a dynamo that operates only deep in a 
fluid outer core beneath an electrically con- 
ductive but stable layer of liquid metal (8). 


5 
3 
H 


Possible alternatives include a dynamo sus- 
tained by electrical currents driven by tem- 
perature variations along an uneven core: 
mantle boundary (9) or an entirely fossil 
‘magnetic field in an outer shell whose thick- 
s Varies with insolation 3s functions of fat 
itude and longitude (10). Distinguishing 
among models requires measurement of the 
‘geometry of Mercury's field, particularly the 
nhondipole components, 

The evidence for a liquid outer core on 
iry and the specific value of the forced 
mn_amplitude (3), inversely propor- 
tional to the moment of inertia of Mercury's 
mantle and erust (4), provide important new 
constraints on models for Mercury's thermal 
history and bulk composition. From these 
observations we know that @ light element 
alloyed with iron is necessary to prevent the 
tely during 
Mercury's lifetime, A core sulfur content of 
several percent, for instance, would maintain 
4 fluid outer core to the present and yet per= 


‘outer core from freezing complet 


mit the solidification of an inner core that 
would release energy or chemical buoyancy 
to stir a convective core dynamo (//). 
Mercury's bulk composition had previously 
been constrained only by its mean density. 
The new determination of the moment of 
inertia of the planet's solid outer shell (3) 
should narrow somewhat the constraints on 
the average density of that shell and on core 
radius. but these constraints will improve 
substantially when the gravitational field of 
the planet is better determined. 

No spacecraft has visited Mercury since 
the Mariner 10 flybys, but that status is 
about to change. NASA’s MESSENGER 
spacecraft (/2) will fly by Mercury three 
times, the first next January, before achi 
ing orbit about the planet in 2011. About 2 
years later. the European Space Agency and 
the Japan Aerospace Exploration Agency 
will launch the BepiColombo mission to 
insert two spaceeraft into coplanar Mercury 
orbits in 2019 (/3). The latest discovery 


PERSPECTIVES L 


from Earth-based radar has whetted the 
appetites of the planetary science commu- 
nity for these two missions, 
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BIOCHEMISTRY 


Photosynthesis from the 
Protein’s Perspective 


Spiros S. Skourtis and David N. 


ffective photosynthesis requires the 
Ee ent transfer of electrons across 
‘biomembranes (/). Yet, many aspects 
of how protein structure and dynamics con- 
trol electron transfer—especially in the 
early stages of photosynthesis—remain only 
partly understood. On paige 747 of this issue, 
Wang et al. (2) investigate the rate of the ini- 
tial photosynthetic electron-transfer reac- 
tion in wild-type and mutant photosynthetic 
reaction centers of Rhodobacter sphaeroides. 
By combining their data with modeling of 
protein conformational changes in the pho- 
tosynthetic reaction center, the authors show 
that protein motions modulate the electron- 
transfer rate. 
The electron donor in the initial electron 
transfer reaction of bacterial photosynthesis 
is special pair of chlorophylls. When the 
latter are photoexcited, an electron transfers 
through a bridging chlorophyll to a pheo- 


$5. Skourts isin the Department of Physics, Univesity of 
(Cyprus, Nicosia 1678, Cyprus. . N. Beratan is at the 
French Family Science Center, Departments of Chemistry 
and Biochemistry, Duke University, Durham, NC 27708, 
USA. E-mail: sourtis@ucyac.cy and david.beratang 
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phytin acceptor within 2 ps (1 ps = 10° s) 
(see the figure). Experimental studies of this, 
process have focused on understanding the 
speed and high efficiency of the reaction (an 
electron is transferred for each photon 
absorbed) (/). Conventional electron-trans- 
fer theory does not fully describe this kind of 
electron-transfer reaction, because the the- 
ory assumes that electron transfer is slow 
‘compared to the relaxation of the medium 
(protein and chromophore). and the medium 
is therefore assumed to be equilibrated 
before the electron-transfer step. The protein 
motion in the initial photosynthetic reaction, 
however, cannot keep up with the pace of 
charge separation. 

The study of Wang ef af. indicates that 
model for electron transfer controlled by 
slow atomic motion, the Sumi-Marcus 
model (3), produces a satisfactory descrip- 


transfer kinetics (2). The Sumi-Marcus 
model assumes that electron transfer is 


affected both by fast atomic motions q of 
the medium that are equilibrated before the 
electron-transfer step, and by motions 
that are slow on the electron-transfer time 


Slow motions of proteins modulate electron- 
transter rates during the early stages of 
photosynthesis. 


seale. X modulate the speed of electron 
transfer. This model is similar in spirit to 
descriptions of ligand binding to heme pro- 
teins, which are also understood in the con- 
text of the slow interchange among protein 
substates (4). 

Wang et al, use the absorption spectra of 
the protein's 39 tryptophan residues to track 
the medium’s response to photoexcitation 
and initial photosynthetic electron transfer. 
The spectra are essentially identical in the 
wild type and in the 14 mutants, with elec- 
twon-iransfer times varying from 2 to tens of 
ps. Therefore, the protein motion that is 
tracked by the spectra is not affected by the 
rate of electron flow. Further, the time evolu= 
tion of the absorption spectra is multiexpo- 
nential, with time constants (3, 10, and 190 
ps) that are similar to or longer than the 
scales of electron transfer, 

The authors find that the Sumi-Mareus 
model describes the observed electron- 
transfer kinetics if the diffusion constant 
for the slow coordinate X in the model is 
derived from the time evolution of the tryp- 
tophan absorption. The fit predicts changes 
in reaction free energy (AG) values that 
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Special pair donor 


Electron transfer 


con aN 


Photoencited state X, 


os chloropryt 


Initial state 


\ 
Photoexcited state X, \, 


CCharge-separated state 


V 


Ground state 


The initial photosynthetic electron-transfer reaction. (Left) In the photosynthetic reaction center, an electron i transferred from a special pair of chlorophylls 
viaa bridging chlorophyll to the pheophytin acceptor. Anearby tryplophan—1 of 39 in the protein—is also shown. Wang eta. use the time evolution of the pro- 
{ein’s tryptophan absorbance to track the protein's response (in the Sumi-Marcus model, motion along the X coordinate) following photoexcitation of the special 
alt, (Right) Application ofthe Sumi-Marcus model by Wang et ol. (2) to the lectron-transter step shown inthe let panel. The parabolas describe the energy of 
the electron-transfer system as a function of the mations q for the initial state of the system before photoexcitation (black), the photoexcited state before 
electron transfer (blue), and the final charge-separated state (red),The slow motion X shifts the photoescited energy surface, thus modulating the speed of the 
electron-transter step (horizontal arrows). The colors for the photoexcited and charge-separated energy surfaces correspond to the colors for the electron donor 


‘and acceptor moieties in the left panel. 


are consistent with independent thermo- 
dynamic data for the mutants, a surprising 
result given the wide range of electron- 
transfer rates observed, 

{tis remarkable that changes in the tryp- 
tophan absorption spectra can track reorgani- 
zations in the electron-transfer medium that 
modulate the electron-transfer rate, These 
reorganizations are not the response of the 
protein to the arrival of the electron at the 
pheophytin, Rather, they are probably the 
protein's response to electron density changes 
in the donor special pair and the bridging 
chlorophyll upon photoexcitation. Indeed. the 
slowness of the protein dynamics on the elec- 
tron-transfer time scale helps to explain the 
‘multiexponential nature of the initial photo~ 
synthetic eleetron-transfer kinetics, 

Is the nature of the protein relaxation 
important for photosynthetic reaction center 
function? Wang et al, suggest that the slow 
protein dynamics discussed above may help 
to overcome reaction barriers produced by 
‘membrane potentials or by environmental 
factors that perturb the photosynthetic reac~ 
tion center and potentially slow down the 
electron-transfer rate. Thus, protein motion 
could overcome reaction barriers produced 
by cellular factors that might otherwise per- 
turb the electron-transfer kinetics. 

The prediction by Wang er al. that slow 
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protein motion modulates electron transfer 
and genenttes multiexponential kinetics in 
the photosynthetic reaction centers should 
encourage further single-protein studies of 
biological electron transfer similar to those 
reported in (5). The emerging physical pic- 
ture for the photosynthetic reaction center 
suggests that the temperature dependence 
for electron transfer should be comple 
because temperature variation will change 
the diffusion among protein substates as 
‘well as the access to the activated complex 
for any given substate. The relation be- 
tween tryptophan absorption changes and 
protein reorganizations that affect electron 
transfer suggests the use of tryptophan 
transient absorption spectra as a further 
probe of protein reorganizations linked to 
protein function. 

The experimental data reported by Wang 
et al. also encourage renewed theoretical 
attention to the early events in photosynthe- 
sis. Models that include quantized nuclear 
dynamics seem particularly important, 
because high-frequency quantum modes 
influence fast electron transfer. producing 
nonexponential kinetics and unusual tem- 
perature dependence (6). 

The influence of biomolecular dynamics 
on electron-transfer rates is not limited to 
the regime of ultrafast electron-transfer 


reactions. Recent studies of nonadiabatic 
electron transfer over long distances show 
that protein motion also modulates the 
donor-acceptor electronic coupling interae- 
tions (7-9). Furthermore, the internal 
motions of electron-transfer macromole- 
cules may also change the reaction mechat- 
nism from single-step electron tunneling to 
multistep hopping, a transition that is of 
great interest and importance—and of some 
mystery—in the fields of bioenengeties a 
of DNA damage and repair (/0). 
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Ultracold Neutral Plasmas 


Ultracold neutral plasmas occupy an exotic regime of plasma physics in which electrons form 2 
swarming, neutralizing background for ions that sluggishly move in a correlated manner. Strong 
interactions between the charged particles give rise to surprising dynamics such as oscillations of 
the average kinetic energy during equilibration and extremely fast recombination. Such 
phenomena offer stimulating and challenging problems for computational scientists, and the 
physics can be applied to other environments, such as the interior of gas giant planets and plasmas 
Created by short-pulse laser irradiation of solid, liquid, and cluster targets. 


Mess 


interstellar 


awe found in 


the aurora bore 
alis, and the ionosphere sur 


rounding our planet. They also 


have applications such asin 
lighting, surface processin; 
and the quest for fusion enengy 
Plasmas 


because collision enengies on 


tare 
required fo break neutral atoms 
and molecules into free elec 


tions and ions (Fig, 1), New 
physics is often discovered by 
pushing the boundaries of what 
is found in nature. This raises 


questions about whether fund 
mental principles limit plasmas 
hi 


possible  ereate neutral ph 


mas orders of magnitude colder a 10 107 


than this, Sinall thermal energy 
‘Number density (charged particles") 


understand plasmas, such as Fig. 2. 


nique, which was the topic of the Nobel Prize in 
Physics in 1997, takes advantage of the momen. 
tum carried by laser id trap 
atoms and cool them to temperatures as low as 
ne-millionth of a de, 


otons 10 slow a 


sree above absolute zero. It 


routine to ereate spherical clouds of about 


1 mm in diameter containing ~1 billion ultra 


cold atoms, with peak densities approachin 

10" atoms/cm? Such samples can be held in 
vacuum for many seconds, and they are the 
in experiments with Bose-Einstein 


condensates, hi 


technology applications like 
atomic clocks, and schemes to build quantum 


computers. [For an overview, see (J),] Many 


different elements can be used in these exper 
iments, but for technical a. 
sons, alkali, alka 


noble g 


of choice, and each experiment 


typically works with asi 


clement 

To create a plasma from ult 
cok! atoms, a 10-ns pulse from 
a namow-bandwidhh laser int 


dates the cloud and jonizes a 
lange faction of the atoms (2), 
(This occurs in the relatively 
low-intensity regime where only 
single-photon processes occur 
and only a single electron is lib 
crated from each atom.) Be 

re 50 light, each 


energy available from 
ing photon, and by slightly: un: 
ing the laser wavelength in the 
region just above the ionization 


threshold, one can set the eloe 


ton temperaure in the rang 
fiom a few to a few thousand 
kelvin, The ions receive only a 
small momentum kick during 
the process, and the ion kinetic 


sample of neutral plasmas in the laboratory and nature. Most plasmas are hot, onder of 10 mK. The size of 


kinetic equations and Debye such as the surface of the Sun. A candle flame, with a temperature of about 1000 K, is the plasma and the number of 


scremning of Coulomb interac- considered a cold plasma, Uvacold neutral plasmas occupy a previously unexplored ions and 


trons ereated are 


tions by electrons. So. if one region of phase space and can be strongly coupled (F" >). The graphic shown for casily controlled by varying the 

could create such an ultracoki ultracold neutral plasmas is an absorption image of ions in the plasma. One electron initial laser cooling parameters 

system, how would it behave? Volt corresponds to about 12,000 K, and room temperature is 300 K. [Adapted with or the intensity of the photo- 
Physicists have discovered Petmission from the Contemporary Physics Education Project. Copyright 1996.) ionizing laser 

Ways to enter and explore the 

exotic regime of ultracold ncutral plasmas, and plasmas, such as in the interior of white dwarf Strong Coulomb Coupling 


they have leaned that it straddles the norma cus of ultra 


boundaries between plasmas, neutral gases, and jntense laser beams. Work on ultracok neutral 


condensed matter. These studies have stretched plasmas has alo taken advan 
r 


body systems, especially regarding their ap- tions, which have 


of sto istics and excellent control of initial con 


our understandin dia i. 


bled the observation of 
proach to thenmal equilibrium. Surprisingly, fundamentally new phenomena and created close 


these ideas can be applicd to very energetic interaction between experiment and the 


Deparment of Physics and Astronomy, Rice University, Creation of an Ultracold Neutral Plasma 
6100 Main Steet, Houston, 1X 77005, USA To wach the ultracold regi 
E-mail killan@riceedu stat by 


experi 
ns. This tech: 


SCIENCE VOL 3 


An important qu 
the Coul 


P= Frc Eitan) = =—/ ha T 


area 


quantifies the relative importance of each 


particle's electrical interaction energy and 


themnal energy. Here at = [3/(4zn)]" is 


Pic: 
interparticle spacing and » is the plasma density 
Tis the temperature, which can be different for 


ns, SO each species can have a 


705 


706 


| REVIEW 


different Te = 1.60 «107 © is the magri 
tude of each panicles electrical change, and eq 
8.85 = 10°" Fim and fy = 10 WK are 
the eketrcal pernitvity of space and Bolamann's 
constant, respectively. 

Tn conventional plasmas, thermal energies 
dominate and T << 1, This means that in- 
dividual particles “feet” cach other very weakly 
and move in an uncorrelated gaseous manner. 
However, in some extreme environments, such 
as the core of Jupiter, the erust of @ neutron star 
(3), and shock waves produced by laser implo- 

jon (A), the density (and thus Eicon) i $0 
high that F becomes larger than 1, and spatial 
conlations develop as particles avoid their 
neighbors in onder to minimize the potential en- 
‘ergy. Such systems are called strongly coupled 
‘or nonidal (5), Plasmnas with 1 < T= 170 show 
ike short-range spatial correlations, and 
yereases above ~170, a first-order phase 
transition o¢curs to a state with long-range onder 
characteristic of a solid (6). This has. been 
shown in beautifil laboratory experiments on 
Wigner crystals in nonneutral plasmas of posi- 
tive ions (7) that have been kiser-cooled deep 
ino the stiongly coupled regime and in dusty 
plasmas of highly charged microscopic spheres 
ina discharge (8). P can characterize many fea 
tures of plasmas differing in temperature by 
more than 10 orders of magnitude 

From the initial hinetic energies 
and densities of ions and electrons 
in ultracold neutral plasmas, one 
Would expect that eksetrons would 
be a strongly coupled liquid and 
fons would condense imo a fiezen 
crystal. This newlects the fact that 
Uhracold plasmas are formed ina 
‘completely disonfered state far fom 
equilibrium. As. they equilibrate 
and. spatial correlations: develop, 
al enengy is converted into 
kinetic, andthe plasma compo- 
nents heat. Both eketrons and ions 
suller this disorder-induced heating 
(9-12), and electrons. can also beat 
rapidly due to recombination with 
ions, which forms neutral atoms 
(13-16). This yields electrons with 
Fe ~ 0.2 and ions with Fy ~ 3. The 
study of the establishment of equi- 
librium in or near the strongly 
coupled regime has been one of 
the most notable contributions. fom 
the fick! of ultracold neutral pls 
mas. This topic explores fiscinating 
fundamental physics and is. also 
important for laser-prexluced high-energy density 
plasmas (7). 


Optical Probes of Strongly Coupled tons 

During the past few years, experiments have 
exploited near-resonant laser absorption (17) and 
Muorescence (2) to study the physics of strong 
coupling of ions in ultracold neutral plasmas, 
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For example, Doppler broadening of the absomp- 
tion spectnum serves as a measure of the ion 
{kinetic energy, and when this tool was used 10 
study ion equilibration during the frst few hun- 
dred nanoseconds of plasma evolution U2), it 
provided the first experimental observation of 
disonderinduced heating (Fig. 2), 

This heating has a relatively simple physical 
explanation. fons have very little kinetic energy 
initially because of the controlled nature of the 


result of electrical interactions between fons in 
the random spatial distribution that was inher- 
ited from the original Iaser-cooked atoms, Ina 
time equal to the inverse of the ion 


cillation frequency, Mey = (neg) * ~ 200 ns, 
ions with mass mj; roll down a global potential 
‘energy surface as spatial correlations develop 
and potential energy changes into kinetic. This 
‘establishment of correlations afer rapidly chang- 
ing the potentialenengy landscape isthe opposite 
of rapid melting recently described in (18, 19), 
The amount of energy released per particle 
during disondcr-induced heating is ~74req, 
and it can be calculated more accurately (/0) by 
assuming complete initial disorder and modeling 
the Coulomb interaction between ions in the 
presence of servening electrons as a Yukawa 


Fig. 2. lon kinetic energy in an ultracold neutral plasma shortly after the 
plasma is created. Disorder-induced heating increases the kinetic energy in 
the fst ~200 ns as ions equiibrate, The inset shows how heating arses from 
the release of Coulomb electrical potential energy as spatial conelations develop. 
For 3 strongly coupled plasma, the kinetic energy will overshoot and cscilate 
before equiibrating, This process can be understood as the periodic motion of 
‘ons (yellow) in the potential wells (blue) formed by their nearest neighbors. 


potential. Disorderinduced heating would be 
Uunobservable if the plasma were not strongly 
coupled because the potential energy would be 
negligible compared to the kinetic eneney in ran- 
dom thermal motion. Another way to say this is 
that spatial conlations would never develop. 
Disorder-induced heating necessarily leaves 
Exemat comparable 10 Exicacton after equilibra- 


tion, which yields T) only sfightly larger than 
1 for the ions. Several theorists have sug~ 
gested ways of alleviating disorder-induced 
heating and producing much more strongly 
coupled plasmas, such as by photoionizing 
ultracold atoms with preset spatial correlations 
in optical lattices (20) or quantum degenerate 
Fermi gases (10). 

Even with the moderate coupling parameter 
presently achievable, strong coupling leads to 
‘unusual effects that belie our intuition developed 
fium study of weakly coupled plasmas or atomic 
gases, Figure 2 shows that the ion kinetic enensy 
overshoots and oscillates before reaching equi- 
librium (//), This és odd behavior. Normal 
kinetic cnengy changes monotonically during 
<quilibration of thermodynamic: systems, such 
as during the cooling of a cup of hot coftee fet 
standing fr too long, 

Oscillations reflect correlated motions that 
periodically increase and! decrease the nearest- 
neighbor spacings between ions. This manifests 
‘nonequilibrium ina quantity known inthe kinetic 
theory of gases as the two-paticle distribution 
function, 4. which describes spatial correlations 
between any two particles’ positions and veloc 
ities, The standard descriptions of phsmas based 
‘on Viasov, Boltzmann, or FokkerPlank equa- 
tions neglect fs oF approximate it in a simple 
manner that neglects correlations. 
‘They focus on the approach of the 
one-particle distribution function 
(Uj) to something like a Maxwell 
Boltzmann distribution, This rec 
ipe normally suffices because fs 
usually equilibrates much faster 
than f), Such a hierarchy of equil- 
‘bration time scales is known as 
the Bogoliubow hypothesis, and it 
is an underlying assumption in 
traditional descriptions of weakly 
coupled plasmas. However, these 
time seales both become compara 
ble 10 Voy in strongly coupled 
plasmas, which leads to oscilla 
tions in the kinetic energy during 
approach to equilibrium (2/, 22). 
Uhtracokd neutral plasmas provide 
the first experimental observation 
of this phenomenon, but similar 
behavior was predicted in the mid- 
70s (23) on the basis of molecular 
dynamics calculations. It has gen- 
erated recent theoretical interest 
(17, 21, 24) because of the impor 
tance of relaxation dynamics after 
short-pulse excitation of semicon- 
ductors, gases, solids, clusters, and nuclear 
matter. 

Thee is alo a simple physical picture ofthe 
oscillations. fons in the fiquidlike plasma have 
approximately uniform spacing from their nearest 
neighbors. So cach jon _moves in a potential- 
energy Well erated by a cage of neighbors, and 
all the ions" potential-enengy wells ane roughly 
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similar, Fons roll down these wells during the 
disorder-induoed heating phase, and one would 
‘expect cach ion to roll back up the other side and 
then exhibit oscillations around the potential 
minimum. The observed oscillations damp rap- 
idly, but the exact nature of the damping is still 
‘an open question. 

Why have ultracold neutral plasmas provided 
the first experimental evidence for disorder- 
induced heating and kinetic-cnergy oscillations 
despite Jong interest in the phenomena and their 
probable occurence in other plasmas? Ulralow 
temperature allows experiments to access strongly 
‘coupled physics at very low densities compared to 
high-energy density experiments, which typically 
work a close to solid densities, At low densitics, 
the important time scales of the problem, such as 
thetime between collisions and 1p. are onders of 
magnitude longer, which makes it easier to staly 
phenomena. In addition, ultracold neutral plasms 
‘are “elean” systems in which the inital density 
‘energy. and jonization state are accurately 
known and controllable, and! optical probes have 
proven powerful for obtaining precise measunc- 
ments of plasma properties 


Electron Dynamics 
The electrons are not strongly coupled, but they 
do display a rich assortment of phenomena that 
characterize the ultricold regime, One might 
expect electrons 10 rapidly leave the phisia 
region because they are so Hight and thus have 
extremely high velocities (~10* m/s) But the 
plasma slays very close to neutral because of the 
Tow electron kinetic energy and the electrical 
attraction between positive and negative chan. 
‘On a 1004ts time seal, the plasma expands into 
the summounding vacuum at the speed of an ion 
sound wave in & process that is analogous to 
ambipolar diffusion (4, 15, 25) 

One of the most distinctive features of the 
cleciron dynamics during this time is the ex- 
tremely rapid three-body recombination (TBR) 
(26) that can occur if the electron temperature, 
Te. is on the order of 10 K of lower. In TBR, 
Iwo electrons and an fon collide to form a high- 
ly exeited Rydberg atom and an energetic elee- 
tion. The TBR rate varies as 1/7". and it can 
be the fastest process in the plasma. It will heat 
the remaining free electrons, which eventually 
slows the recombination, but not before as much 
as 30% of the ionized particles recombine into 
Joosely bound atoms. In a closely related exper- 
(27), laser-cooled atoms are optically 
to weakly bound Rydberg lev- 
and they spontancously ionize duc to various 
collisional processes (28) to form an ultracold 
plasma, But then as the plasma expands, recom 
bination returns much of the plasma to the 
neutral state, This behavior has demonstrated 
that the distinction between a cloud of hig 


excited neutral atoms and an ionized yas is 


blued in the ultracold regime. These ideas 
relate to searches in gaseous systems (29) for an 
analog of the Mott insulator-to-conductor transi- 
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tion that is familiar from condensed-muatter phys- 
ics. In addition, recombination dynamics may be 
similar in experiments that create cold anti- 
hydrogen (30, 3/) in trapped ultracold plasmas 
‘of positrons and antiprotons. 

Research has also focused on collective 
motions of electons in ultracold neutral plas 
mas, For example, a recent experiment applied 
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trajectory is calculated according 49 the interac 
tion with all other particles in the system. This is 
outside the realm of kinetic or hydrodynamic 
methods, and the treatment becomes intractably 
time-intensive when modeling the entire evolu- 
tion from plasma formation to expansion, Small 
electron mass necessitates the use of small 
‘numerical integration time steps, whereas the 


10 


Fig. 3. Numerical simulations of laser-cooled ultracold neutral plasmas showing ion density (p) 
versus radius (r) normalized in units of the interparticle spacing (a). (Inset) A two-dimensional slice 
through the plasma showing concentric shells of ions. lons within one shell show hexagonal 
‘ordering, [Reprinted with permission from (35). Copyright 2004, American Physical Society.) 


‘oscillating radiofiequency electric fiekls to the 
plasma and excited Tonks-Dattner resonances 
(32), These are standing electron sound waves 
that were first observed in experiments designed 
to simulate meteor tails (33), Sound waves arise 
because of thermal motion that modifies the 
mode structure and dispersion relation of the 
smiliar ekxetron plasma oscillation. The electron 
plasma oscillation is a local oscillation of the 
eloctton density at Wye V/e2n/egme that does 
not propagate like a sound wave. Careful mea- 
surement of the resonant frequencies of Tonks- 
Dattner modes may provide a sensitive probe of 
the eleetron temperature, which will prove yak 
uable because of the many processes such as 
TBR—that can change the electron temperature 
‘on a rapid time seale. 


Theory and Numerical Simulations 
Ultracold neutral plasmas have generated much 
interest within the theoretical plasma and com- 
‘putational physics communities because of the 
appeal of the fundamental phenomena and be- 
‘cause ultracold neutral plasmas pose particular 
challenges to theoretical analysis. To describe the 
‘fut correlations inherent in strongly coupled 
plasmas, theorists must resort to molecular dy 
namics calculations in which each partick’ 


sluggish ions extend the overall evolution time 
of the system to tens of microseconds. Work on 
this problem has broader 
the underlying physics and basic codes can be 
used for warm dense matter and energetic laser 
produced plasmas (/3, 17). Assessing the valid- 
ity of the numerical results for such systems 
presents a great challenge [e. (M). 
experiments are offen difficult 10 diagnose. But 
tultracok! neutral plasmas, with welll 
itrollable initial conditions 
diagnostics, do not sufter from this problen 

‘Computational codes originally developed to 
describe dynamics in astrophysical systems stich 
as globular clusters have sucee 
carly electron dynamics and the first micro 
second of ion equilibration (9, 34) but have not 
bboen extended to describe the plasma expansion, 
Direct numerical simulation provides. valuable 
information on dynamics at the single-particle 
level, such as the time scale for TBR (14) and 
the distribution of bound states resulting from 
this process (/3). As computational speed con- 
tinues to increase, there is hope that simulation 
of the entire plasma evolution may become 
possible 

‘A hybrid approach in which ions are treated 
exactly but the electrons are described with ki- 
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Recent Climate Observations 
Compared to Projections 


Stefan Rahmstorf,? Anny Cazenave,” John A. Church,? James E. Hansen,* 
Ralph F. Keeling,” David E. Parker, Richard C. J. Somerville® 


bscrvations of the climate system are 
O = toestablish actual climatic trends, 

whereas climate models are used 10 
project how quantities ike global mean air tem 
Prerature and sea level may be expected to re 
spond 10 anthropogenic perturbations of the 
Earth's radiation budget. We compiled the most 
recent observed climate trends for carbon dis 
ide concentration, global mean air tempera 
ture, and lobal sea level, and we compare these 
trends fo previous model projections as sum- 
marized in the 2001 assessment report of the 
Infergovemmental Panel on Climate Change 
IPCC) (1). The IPCC scenarios and projec- 
tions startin the year 1990, which is also the 
base year of the Ky 
all industrialized nations. accepted a binding 
‘commitment to reduce their greenhouse eas 
emissions, Although published in 2001, these 
model projections are essentially independent 
from the observed climate data since 1990: Cli- 
mate models are physics-based models devel 
‘oped over many years that are not “tuned” Wo 
repruce the most recent temperatures, and 
itlobal seatevel data were not yet available at 
the time. The data now available raise concerns 
that the climate system, in particular sea level, 
may be responding more quickly than climate 
models indivate 

Carbon dioxide concentration follows the 
projections almost exactly (Fig. 1), bearing in 
‘mind that the measurements shown from Mauna 
Loa (Hawaii) have a slight positive offset due to 
the slightly higher CO concentration in the 
Northem Hemisphere compared with the global 
mean, The level of agreement is partly coinci- 
dental, a result of compensiting error in i 
emissions [based on the 1S92a scenario (1)] 
and carbon sinks in the projections, 

‘The global mean surface temperature in- 
cerease (land and ocean combined) in both the 
NASA GISS data set and the Hadley Centre 
Climatic Research Unit data set is 033°C for 
the 16 years since 1990, which is in the upper 
part of the range projected by the IPCC. Given 
the relatively short 16-year time period con- 
sidered, it will be difficult to establish the ea- 
sons for this relatively rapid. warming, although 
there are only a few likely possibilities, The frst 
candidate reason is intrinsic variability within the 
climate system. A second candidate is climate 
‘ther than COx. Although the con 
centration of other greenhouse gases has risen 
more slowly than assumed in the IPCC sce- 
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narios, an acrosol cooling smaller than expected 
isa possible cause of the extra warming. A thind 
candidate is an underestimation of the clima 
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Fig. 1. Changes in key global climate parameters 
since 1973, compared with the scenarios of the 
IPCC (shown as dashed lines and gray ranges). (Top) 
‘Monthly carbon dioxide concentration and its tend 
line at Mauna Loa, Hawaii blue), up to January 
2007, from Scripps in collaboration with NOAA. 
pm, parts per milion. (Middle) Annual global- 
imean land and ocean combined surface temper- 
ature from GISS (ed) and the Hadley Centre! 
‘Gimatic Research Unit (blue) up to 2006, with their 
trends. (Bottom) Sea-level data based primarily on 


period of 11 years and a minimum roughness crte- 
rion at the end (6), except for the satelite altimeter 
where a linear trend was used because of the short- 
ness of the series. For temperature and sea level, 
data are shown as deviations from the trend line 
value in 1990, the base year of the IPCC scenarios. 


semsitivity 10 COs (Le., model ero, The dashed 
scenarios shown are for a medium climate sensi- 
tivity of 3°C fora doubling of COs concentration, 
‘whereas the gray band surounding the scenarios 
shows the effect of uncertainty in climate sensi- 
tivity spanning a range from 1.7° wo 42° 

Since 1990 the observed sea level has been 
rising faster than the rise projected by models, 
as shown both by a reconstruction using primari- 
ly tide gauge data (2) and, since 1993, by sat- 
lite altimeter data (3) (both series are cormected 
for glacial isostatic adjustment). The satellite 
data show a linear trend of 3.3 = 04 mm year 
(1993-2006) and the tide gauge reconstruction 
trend is slightly less, whereas the IPCC projected! 
best-estimate rise of less than 2 mm/year 
‘Sea level closely follows the upper gray dashed 
Tine, the upper limit refemed to by IPCC as 
including land-ice uncertainty.” The rate of rise 
far the past 20 years of the reconstructed sea 
level is 25% faster than the rate of rise in any 
20-year period in the preceding 11S years. Again, 
‘We caution that the time interval of overlap is 
short, so that internal decadal climate variability 
‘could cause much of the discrepancy; it would 
be premature to conchad 
tinue to follow this “upper limit fine in future, 
The Jangest contributions to the rapid rive come 
from ocean thennal expansion (4) and the melt- 
ing from nonpolar glaciers as a result of the 
‘warming mentioned above. Although the ice 
sheet contribution has been small, observations 
are indicating that it is rapidly increasing, with 
contributions both from Greenland and Antare= 
tica fog. (S)] 

Overall, these observational dita underscore 
the concems about global climate change, Pre= 
vious projections, as summarized by IPCC, have 
fot exaggerated but may in. some respects even 
have underestimated the change, in particular 
for sea level 
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Large Longitude Libration of Mercury 
Reveals a Molten Core 


J. L. Margot,”* S. J. Peale,? R. F. Jurgens,? M. A. Slade,” 


V. Hotin® 


Observations of radar speckle patterns tied to the rotation of Mercury establish that the planet 
occupies a Cassini state with obliquity of 2.11 + 0.1 arc minutes. The measurements show that the 
planet exhibits librations in longitude that are forced at the 88-day orbital period, as predicted by 
theory. The large amplitude of the oscillations, 35.8 + 2 arc seconds, together with the Mariner 10 
determination of the gravitational harmonic coefficient Czo, indicates that the mantle of Mercury is 
decoupled from a core that is at least partially molten. 


cause Mercury is an end-mnember plan 
Baits sieiaton oF ini 

properties is crucial to further our under- 
standing of the formation and evolution of 
habitable worlds, A question that has chal 
Jenged planetary scientists for more than three 
decades is the state of Merwury’s core (). 
Determining. the nature and extent of the core 
would enable progress in four fundamental 
areas, First, models of the intemal structure of 
the planet have so far been constrained only by 
its mean density of $.43 g em? (2), with carly 
(3) and regent (4) calculations yielding a wide 
range of posible intemal configurations. Ak 
though it is generally accepted tht the planet 
differentiated carly into an iron core and a 
silicate mantle (5), improved descriptions of the 
mass distribution within the planet require the 
measurement of core propertics or moments of 
inertia. Second, thermal evolution models (6) 
predict a core that is fully oF panially liquid, or 
completely solid, The outcome is particularly 
sensitive to the abundance of a fight alloying 
element in the core, presumably. sulfur, that 
lowers the melting temperature and allows the 
maintenance ofa liquid outer core over billions 
ars (7) In order to focus the thermal evo 
lution calculations, the extent and state of the 
core must be determined. Thin. a long. 
standing puz/le relates to the ongin of the 
magnetic Held that was measured by Mariner 
10 ata strength of roughly 1 that of Earth (8), 
‘A dynamo mechanism involving motion in an 
electrically conducting molten core is the 
preferred explanation (9, 0), but alternative 
theories that do not require a currently liquid 
‘core, such as remanent magnetism in the crust, 
ceannot be ruled out (//, 12), Finally the pres- 
‘ence of a liquid core may bear on the unusual 
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spin-orbit configuration of Mercury It has been 
suggested that increased energy dissipation at a 
we/mantle imerface would lead to almost 
stain capture in specific spin-orbit resonances 
(23, 14), although this capture can also occur 
naturally asa result ofthe chaotic evolution of the 
orbital eccentric 
tional core/mantle friction (15). 

us (Peak) devisad an observational 
to characterize the size and state of 
the core of Mercury, and showed that it is 
Possible to detect a molten core by measuring 
ssubile deviations from the mean resonant spin 
rate of the planet (/). The early expectation was 
that the experiment woul! require landers on the 
surface of the planet. Here we describe how we 
have used Earth-based radar instruments to 
make high-precision measurements of the in- 
stantancous spin mae, and We present observa- 
tional evidence indicating that Mercury has a 
molten core. We also provide observational 
confirmation that Mercury occupies a Cassini 
tate (/6) and! a measurement of the obliquity of 
1¢ planet, both of which are required for 
further characterization of the core with Peake’s 
formalism (1) 

Since the discovery that the spin period of 
Mercury differs ftom its orbital period (/7), it 
has been hypothesized thatthe planet rotates on 
its spin axis throe times for every two revolu- 
tions around the Sun (/8) and occupies a 
Cassini state, in which its spin vector is nearly 
perpendicular to the orbital plane and provesses 
at the same rate as the orbital plane (4). As 
Mercury follows its orbit with eccentricity & 

206, it experiences periodically reversing 
torques due to the gravitational influence of 
the Sun on the asymmetric figure of the planet 
The torques affect the spin angular momentum 
and cause small deviations of the spin rate from 
its resonant value of 32 times the mean orbital 
frequency. The resulting oscillations in longitude 
are called forced librations, where the forcing 
and the rotational response occur with a period 
P~88 days, dictated by the orbital motion. The 
physical librations are characterized by an ang 
© (/4) representing the deviations of the ori 


cntation of the planet from the exact resonant 
value 


ate A) e)sin(nt 
54 fewsin) 


a) 
where 4 < B< C are the principal moments of 
incnia, fle) is a power series in the eccentric 
and 1 ~ 2n/P is the orbital (Lorcing) frequency 

‘The gravitational torques and resulting angular 
deviations are proportional to the difference in 
‘equatorial moments of inertia (B ~ 1), measure 
of the asymmetry in the mass distribution. The 
polar moment of inertia C appears in the de- 
nominator because it represents a measure of the 
resistance to changes in rotational motion. Ifthe 
core of Mercury is solid and the entire planet 
pasticipates in the librations, C is the relevant 
moment of inertia, However, if the mantle ix 
decoupled fiom a fluid core that does not follow 
the librations, the appropriate moment of inertia 
in the denominator of Eq. 1 is that of the mantle 
alone Cy of, more precisely, mantle plus crust. 
Because Cy/C = 0.5 in all plausible interior 
models (3, 4), the amplitude of the Hbrations in 
the presence of a fiquid core is wie as lange as 
it would be with a solid core, Therefore, a mea- 
surement of the libration amplitude provides 

straightforward mechanism for determining the 
state of the core remotely, The quantity (BA) 
is known from Mariner 10 measurements of the 


second-degree and -order gravitational co- 
efficient Coa (2 
(B- a) 5 
Cn (12058) * 105 (2 
m= pge = (120.8) = Q) 


‘where A/ and A are the mass and radius of the 
Manet, respectively. The moment of inertia C/MR? 
haas not been measured, but interior motels con- 
ssrain it 0 the range from 0.325 10 0.380 (A), 
where the smallest value corresponds. to the 
most centrally condensed configuration (19). 
Using these data in Eg. 1 shows that the am- 
plitude of the forced librations in the ease 0 
slid core should be within 50% of 19 to 22 are 
sec. The amplitude that we measured is outside 
this range, sueesting a liquid core 
Method. Radar cchoes fiom solid 
exhibit spatial ieegulaities inthe wavetfont 
caused by the constructive and destructive inter 
ference of waves scattered by the imegular 
surfice. Because of the rotation of the planet, 
the comugations in the wavefiont, also called 
speckles, will sweep over the receiving station 
and give rise to Muctuations of the eleetromag- 
netic signal with time, It is fruitful to evaluate 
the degree of corelation between signals re 
ceived at one station located in ime at 
(4, 0 with respect to those received at another 
station at (x + 8x, + 81. The properties of this 
spacetime correlation fiction were fist ana 
lyzed by Green (20, 21), who showed that for 
some orientation ofthe baseline 6y, there exists a 
time delay 67 at which the correlation masimizes 
When the trajectory of the wavefront comuga- 
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tions is parallel to the antenna baseline, the value 
‘ofthe time delay that maximizes the correlation is 
related in a simple fishion to the magnitude and 
‘orientation ofthe spin Vector of the planet. Green 
(2D gives an expression valid to first order 
{8x} = 2rLQe05( 1) Brae 3) 
where isthe range to the planet, 2 is the sidereal 
spin rate, and qs the tilt of the spin vector from 
pempendicularty with the line of sight. 

‘That echoes received at two reccivers can 
display a high degree of correlation under ap- 
propriate viewing geometry has been well known 
some time in the radar astronomy commu 
nity (22). But the power of the technique to 
measure planetary spin states was not fully 
sd until one of us (Holin) brought i 
the attention of the rest of us in 2001. Geonge 
(23) developed an expression fir the eros 
correlation function of the electric field scat- 
tered fiom a rough rotating sphere w two 
‘observation points. His fommalism shows that 
speckles remain coherent over a rotation angle 
ativen approximately by (2Za)"®, where i is the 
‘wavelength anda isthe radius of the sphere, For 
inh-based observations of Mercury (Fr ~ 100 
million km), it can be shown that the pattem of 
speckles remains frozen over a linear distance 
many times the radius of Eamth (24, 25) In 
practice, one illuminates the planet with mono- 
chromatic radiation and records the speckle 
pattem as it sweeps over two receiving stations. 
Because the waveliont comugations are tied 10 
the rotation of the planet, and because decorre- 
lation of the speckle patter can be negketed 
(26), the time lag obtained by eross-correlating 
the two echo time series yields a direct measure- 
ntancouls spin rate, as shown by 
‘The result holds for arbitrary 


topography (27). 

A substantial requirement is that both re 
ceiving stations must record similar speckle 
pattems to produce «large correlation, and this, 
can occur only when the tnijcctory of the 
spsckks is aligned with the antenna baseline 
The characterise scale of the speckles is given 


by the classic diffimetion formuka rd, where « 
is the size of the scattering patch on the 
surface, on the order of the planetary radius. 
This scale is small compared to the separation 
between antennas (~ 1 km versus ~ 3000 km 
in our experiment), so that a small (0.02°) 
misalignment of the speckle trajectory with 
respect to the baseline orientation results in 
appreciable decorrelation. For an east-west 
baseline that oscillates daily by 223° with 
respect 10 the ecliptic, the high correlation eon 
dition is maintained each day for only ~20 s. 
This realization led one of us (Holin) to present 
resulls (24, 25) showing that measurements of 
the epochs at which the correlation maximizes 
Would provide tight constraints on the spin 
\extor orientation. In practice, one makes use of 
the antenna spacetime locations that are known 
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With great accuracy to derive the spin vector 
‘geometry, Because the time of day at_ which 
large correlations are observed is not particularly 
sensitive to a in Eq. 3. the experiment must 
performed at multiple inc-oF sight geometries to 
fully determine the direction of the spin axis in 
inertial space, 

Observations. For most of our observations 
(Table 1) we used the NASAJet Propulsion 
Laboratory (PL) 70-m antenna (DSS-14) at 
Goldstone, Califomia (35.24°N, -116.89°E) and 
‘transmitted a circularly polarized monochromat- 
ie signal at a frequency of 8560 MHz (i 
3.5 can) and power of ~420 KW. Transmis- 
sion typically occurred for the duration of the 
round-trip light time to the planet, and reception 
followed for an cquivalert amount of time. Trans 
mit times were carefully selected so that the 
daily maximum in the comelation wouk! fall 
during a receive window, Radar echoes were 
recorded at Goldstone and at the Robert C. Bynt 
Green Bank Telescope (GBT) in West Vinginia 

38.24°N, -79.84°E) with fast sampling systems 
18). Representative values of the signal-to-noise 
ratio (SNR) in the same (SC) and opposite (OC) 
circular polarizations as that transmitted were 
~3 and ~20, respectively, ina 200-112 band- 
Width. Some of our observations made use of 


as the transmitter (A= 12.6 em) and 
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DSS-14 ora smaller 34-m antenna (DSS-13) as 
the receiver. 

‘Complex cross-conclations (29) of the echo 
time series obtained atthe receiving stations yield 
strong correlations near the predicted epochs, The 
time evolution of the rise and fall in the cor 
relation is well approximated by a Gaussian curve 
(Fig. 1), For large SNRs, centroid locations can 
be determined with a precision that is a smu 
fiaction of the widths of the conelation functions 
30), Epochs of conation maximum and time 
lags ean be determined to a precision of ~ 0.5 
and ~ 0.1 ms trom initial widths of ~ $ sand 
~2.5 ms, respectively, Although the OC echo is 
dominated by a specular component represent- 
ative of a smaller fraction of the planctary disk 
than that which produces the diflse SC echo, 
‘measurements in the two reeeive polarizations 
exhibit a high degree of consistency. 

Results, We used the epochs of correlation 
‘maximum (Table 1) in a leastsquares fi de= 


five the position of the axis of rotation of 


Mercury in the 12000 equatorial frame (Fig, 2), 
Our calculations. include the motions of the 
planets as given by the JPL Planetary Ephem- 
eric DE414 (31), an Ean orientation mode! in- 
‘comporating up-to-date timing and polar motion 
dota, time delays accounting for tight-ravel 
times, and general relativistic corrections to the 
time delays. 


Table 1. Log of observations. Each data set identifier (ID) shows the date of observation in the 
format yymmdd followed by the frequency of observation (x = 8560 MHz and s = 2380 MH2), the 


observing stations involved (0 = DSS-14, 3 = DSS-13, G = GBT, and A = Arecibo), 


nd the receive 


polarization (OC = opposite sense circular polarization to that transmitted; SC = same sense, not 
shown). The MID gives the epoch of speckle correlation maximum, the centroid of a Gaussian of 
standard deviation w. The time lag (x) indicates the time interval for speckles to travel from one 
station to the other atthe corresponding epoch. The fractional uncertainty in the time lag and spin 


rate (o) is empirically determined from successive measurements, except in the first { 


data sets, 


where it corresponds to a residual timing uncertainty of 0.2 ms. The last column indicates the 
instantaneous spin rate in units of 3/2 of the mean orbital frequency. 


0 mo wis) 6) o Spin rate 
©20513s00G0 -52407.889680 441_—« 2.36958 «61x10 ~—0.999985, 
0205220060 52416.871258 6.27 12.69218 © «158x 10 0.999893, 
02060210060  52427.845539 5.98 -11.84078 «169 10 0.999861 
02061210060 52437.816052 6.35 -11.21227, «78x10 0.999945 
030113x00Goc 52652.760205 10.32 -10.93565 137 x 10% 1.000097 
030123x00Goc 52662.725791 1.29540 5.28 x 10* 1.000073 
(030531x00Goc 52790.846925 8.30671 8.21 x 10% 0.999932 
930601x00Ge —_52791.844164 8.36908 102 x10 0.999949 
030918sA3A0c © 5$2900.630649 1467124 5.0310 1.000093, 
030919sA3A0c © 52901.628954 -14.70674 5.50 10 1.000065 
O30920sA3A0c —-52902.627306 1471705 5.18 x 10 1.000067 
(040331x00Goc 53095.968346 7.41574 1.20 x 10 1.000098 
04121210060 —_—53351.866334 -7.74059 «15510 1.000070 
(041218x00Goc 53357.848521 7.38323 11.05 x 10° 1.000067 
041219500Go ——_—53358.845401 739330 © 9.67 x10 © 1.000075 
(050313x00Goc 53443,004320 4.78491 3.19 x 10° 1.000035 
(050314x00Goc 53444,001094 4.98779 9.83 x 10-6 1.000056 
050316:00Goc —_—53445.994761 531606 145 x10 1.000047 
05031800Ge —_53447.988621, “553562 «152x10* — 1.000056 
060629x00Gor 53915.735467 1.27627 8.35 x 10 0.999866 
(060712x00Goc 53928.676641 =10.71493 6.43 x 10°* 0.999882 
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‘The best spacecraft determination of the 
“orientation of the mation axis gives an obliquity 
of =2° (with a 30% emor ellipse of =2.6° by 
#6.5°) (32). The constraints obtained from pre- 
vious Earth-hased mdar measurements are about 
10 times better (33). Our measurements refine 
the knowledge of the pole orientation by 160 
conders of magnitude. The measured obliquity is 
2.11 = 0.1 are min, which is precisely within the 
range of theoretical expectations (34), Our 
adopted er uncertainty exceeds the formal un- 
certainties of the fit to guard against undetected 
systematic effects. 

Mercury is expected to be in a Cassini state in 
which its orbit pole, spin orientation, and 
Pemendicular 10 the Laplacian plane remain 
coplanar (/4), Numerical simulations (35, 36) 
support this theoretical prediction. Our spin 
solution shows that, within observational errors, 
Mercury oceupies Cassini state 1: The confi- 
dence regions for the spin orientation fall 
precisely on the locus of pole positions. that 
satis the Cassini condition (Fig. 2), The latter 
cconkiton relies on a numerical determination of 
the Laplacian plane (35) that is entirely inde- 
Pendent ofthe radar data If we use this Laplacian 
plane and assume that Mercury is in. a Cassini 
state, the best-fit constrained pole solution is at 
412000 right ascension 281,0097° and declination 
LAM" 

A detailed characterization of the core of 
Mercury in the manner described by Peale (/) 
requires not only the occupsaney of the Cassini 
state but also a precise knowledge of the ob- 
Figuity, amplitude of the librations, and sceond- 
degree gravitational harmonic ecoetticients, We 
provide observational confirmation that the frst 
‘condition is satistied and values for the first wo 
quantities. Although current uncertainties on 
gravitational harmonic coefficients (2) prevent 
Us fiom constraining the size of the core, itis 
possible fo detemnine the state of the core by 


measuring the amplitude of the 88-day forced 
Tibrations. 

We determined the amplitude of the libra 
tions of Mercury by measuring the instanta- 
neous spin rate of the planet at various epochs. 
Our fractional uncenainties, on the onder of 
1 part in 10°, are such thatthe libration signature 
is readily apparent. In order to translate our 
time-lg measurements into values of the rota- 
tional velocity of Mercury at cach observing 
epoch (Table 1), we fit for the spin rate value 
that best satisfies the coherence condition; 
namely, that the orientation of the planet as seen 
by the first transmitter-oceiver pair at time # is 
similar to the orientation of the planet as seen by 
the second transmitte-reeciver pai at time # + 
Sma: This is accomplished by computing the 
Irajectories of light rays between transmitter, 
‘bounce point, and receiver, taking light-travel 
‘times into account. A Lorentz transformation is, 
Used 10 obtain the orientation of the incoming 
and outgoing fight rays in the moving frame in 
Which Mercury is at est. Those orientations are 
converted to planctocentric coordinates with the 
uuse of the appropriate rotation matrices. For 
‘each observation epoch, the spin rate is adjusted 
to minimize the difference betwen the longi- 
tudes comesponding to the fist transmitter- 
receiver pair and the longitudes corresponding 
to the second transmitte-receiver pai, ensuring 
the coherence condition. Our measured angular 
Velocities. reliably trace the phase of the 
expected libration signature derived from the 
Torque equation, indicating that the 8-day 
forced libeations have been detected unambigu- 
ously (Fig. 3). 

Results are very similar in the two circular 
polarizations, One-parameter fits to the spin rate 
Variations, adjusting in a least-squares sense for 
the overall amplitude only, yield (8 ~ A)Cy 
(2.01 = 0.09) = 10 and (8 ~ AVC = (2.08, 
0.07) © 10 with reduced chi-square OCW) 
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Fig. 4. Representative correlation functions obtained on the first observing run (13 May 2002) with 
integration times of 1 s (symbols) and corresponding Gaussian fits (solid lines). (A) Time evolution of 
the maximum in the cross-correlation function when using echo time series with 200-Hz sampling. The 
maximum in the function represents the epoch at which the speckle trajectory passes through both 
antenna spacetime locations. UT, universa time. (B) Cross-correlation of echo time series with SOO0-Hz 
‘sampling at the time of the correlation maximum. Successive measurements of the Gaussian centroid 
were used to produce the time-tag estimates and fractional uncertainties listed in Table 1. Correlation is 
highest when the sampling rate matches about half the limb-to-timb bandwidth of the planet as in (A). 


‘Other sampling rates yield a lower SNR. 
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values of 2.3 and 1.3 for the OC and SC data, 
respectively. A fit to the combined OC and SC 
data yields (B ~ A) (2.04 = 0.06) » 10, 
with 77 = 1.8. The best-fit libration amplitude 
is not sensitive to the exact spin vector 
caientation, Al Cassini poles with obiquties 
spanning the range 2.11 = 0.1 are min yield 
consistent results 

To test for the presence of a long-period 
libration component superposed on the 88-day 
libration signature, we pertormed additional fits 
to the libration equation. A fully dynamical solu- 
free parameters: the overall 
al libration anghe Yo ard inital 
angular velocity (dy/d/}o, where we chose the 
17 April 2002 pesibelion passage [modified 
Julian date (MJD) 52381480) as the initial 
epoch. The best-fit values (7, = 0.9) to the 
combined OC and SC data are (BAVC, 
(2.03 = 0.04) » 10%, yo= (0.07 = O.1)°, (yldlhy 
(2.10 = 0.06) are see day, correspon 
Jong-period libration amplitude of ~300 are see. 
Because the data span less than a complete eycle, 
Nalues for the long-period component need 
confirmation. The period of the five libration is 


P< {3B AMC] (Te2 ~ 12310417, of 
~12 years (37) 

ur adopted value of the moment ratio is 
(BAVC yy ~ (2.03 = 0.12) * 10°, where the 


Jo. uncertainty captures the Io range of the 
OC-only and SC-only models. This. comre- 
sponds to an amplitude of the forced librations 
9 © GSS °2) are see. This value should be 
compared 10 the expected amplitude for a solid 
planet: 9 within S0% of 19 to 22 are see for 
OMR? = 0.325 10 0.380 (4) and Cp = (1.0 © 0.5) 
0°) 

The large libration amplitude that we observe 
can be explained by a mantle that is decoupled 


61. 


Spin pole 


28089 281.00 28101 281.02 

Right Ascension (degrees) 
Fig. 2. Orientation of the spin axis of Mercury, 
‘based on the observed epochs of correlation max 
‘imum. The formal 68, 95, and 99% joint confidence 
regions for the spin orientation are shown as con 
tours. The solution was not constrained to obey the 
Gassni state condition, which is represented by the 
straight solid line. The equatorial coordinate frame, 
pole orientations, and Cassin state locations all refer 
to the 12000 epoch. 
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‘2 cvellicient (38). To explain the nominal 35.8 
are sce libration amplitude with a solid core 
‘would require a Caz valueat least 1.6 times larger 
than that obtained from Mariner 10 data. tn the 
absence of any other constraint, one can estimate 
the probability of this occuring to bewbout 10%, 
assuming that errors are normally distributed. But 
because Mercury is in a Cassini state, an 
additional relationship exists between gravita- 
tional harmonic coeflicicnts and obliquity (4), 
We can use this relationship with our obliquity 
determination to show that Czy values in excess 
‘of the nominal Mariner 10 range would require 
the quadrupole moment J3 to also be outside the 
Mariner 10 range, a combination of circum- 
stances with less than 10% probability. 


Tn onder to evahsate the impact of joint errors 
fon the observables, we performed error propa- 
gation analysis and Monte Carlo simulations, 
‘where trial values for Coz and @ were drawn 
from normal distributions with mean and stan- 
dant deviations comesponding to their measured 
values and enor bars, We then computed the 
diagnostic ratio Gy/ C (39) for extreme values of 
the moment of inertia allowed by interior 
models (4). The results (Fig. 4) show that 
Goi i smaller than unity with 90% confi- 
dence. whereas a solid come requires Cy/C = 1 
If one includes the additional constraint appli- 
cable in a Cassini state (Fig. 4B), the confidence 
level increases 1o 95%. The nominal Cy/C = 0.S 
value implied by our measurements. indicates 
that an outcr shell panicipates alone in the 
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Fig. 3. Mercury spin rate deviations from the resonant rate of 3/2 times the mean orbital frequency. 
‘Observed data points and their error bars from Table 1 are shown at their respective epochs. The 
solid line is a numerical integration of the torque equation, the phase of which is dictated by the 
time of pericenter passage. (A) A one-parameter fit to the OC data (allowing for 88-day forced 
Uibrations only) (B) A three-parameter fit to the OC data (allowing for an additional 12-year free 
libration component). 
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Fig. 4. Histograms of the diagnostic quantity Ca/C, where values less than unity indicate a liquid 
core, obtained by using 10° draws from normal distributions of o and Cz2 values. Both extremes in 
the range of plausible interior models CiMR® = 0.325 (red) and C/MR? = 0.380 (blue) are 
considered. (A) shows the results without invoking the Cassini state, whereas (B) includes the 
additional constraint that exists between gravitational harmonic coefficients and obliquity in a 
Cassini state (14). 
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ibrations, as opposed to the entire planet, and 
requires that the core of Mercury be at least 
panially molten. 

Implications. The presence of « magnetic 
field at Mercury (§) cannot be taken as ob- 
servational evidence of a liquid core, beca 
a currently active dynamo is not the only via~ 
bble mechanism forproducing the field (17, 12). 
(Our observations strengthen the dynamo hypoth- 
‘sis, in that a liquid care isa necessary condition 
for dynamo action. Akhough the sufficient condi- 
tions for a dynamo are not known, Stevenson 
(ZO) bas shown that the existence of convection 
ina partially molten core, rather than the vigor of 
that convection, is the primary detenninant. 
‘Thermal convection may arise if the heat flow 
exceals the conductive heat ow that ean be 
supported adiabatically. This will be facilitated 
bby latent heat release if an inner core freezes. 
Inner core growth may als promote chemical 
convection as the freezing process excludes light 
alloying elements trom the inner core, and as the 
‘material atthe bottom of the outer core becomes 
‘compessitionally buoyant because of an excess of 
those fight elements. It is estimated that a ui 
layer depth on the order of 100 km or more is 
required for sustaining convection by composi- 
tional buoyancy in Mercury (/0), The effective- 
‘ness of dynamo processes in various geometries 
and whether such dynames can reproduce the 
field observed by Mariner 10 are topics of active 
research, Simulations (40) indicate that some 
thin-shell dynamo configurations plausible for 
Mercury produce the observed fick! properties. 
Other geometries have been proposed, such as 
dynamos operating deeply undemeath a stably 
stratified liquid outer core (4/) or thick-shell 
dynamos (42). The MESSENGER  spacceratt 
(45),cn route 19 Mercury, is expected to map the 
magnetic field in detail and to determine the 
nature of ts source (44), 

‘The presence of aliquid core in Mercury has 
important implications. for theories of planet 
formation and evolution, Thermal models pre- 
dicta frozen core unless a sufficient amount of 
sulfur (atleast 0.1% weight faction) depresses 
the melting tempermure of the core material 
(6). But chemical condensation models (45) 
indicate that sulfur cannot condense in the 
primordial solar nebula at the heliocentric dis- 
tance of Mercury. Hence, the need for a 
sufficient amount of accreted sulfur to keep 
the core molten over the age of the solar 
system implies that Mercury was accreted 
from planctesimals that originated over a 
range of heliocentric distances. It may be pos- 
sible to place further constraints on the amount 
of sulfur if it can be shown that the liquid core 
is conyecting: that is, if it can be proven that a 
dynamo is responsible for the magnet 
Although a minimum amount of sulfur is n 
essary to maintain a liquid core, too much 
sulfur inbibits inner core growth and core con- 
ection. If the sulfur abundance exceeds ~ 6 to 
10% (7, 6, 46), the core would remain com 
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pletely uid over the age of the solar system, 
and a dynamo process would be unlikely. 

Although the large amplitude of the forced 
Tibrations indicates a liquid core, our observa 
tions cannot determine the size of the core, the 
‘extent of the inner core, o the polar moment of 
inertia of Mercury, These parameters are = 
{quired to assemble a more complete picture of 
the internal structure of the planet and to probe 
the thermal evolution and magnetic fick! gener- 
ation in much greater detail. Our emror bars on 
Co/C are currently dominated. by uncertainties 
in the va 4), But this yravita- 
tional harmonic 
level o better by tracking the orbit of a space- 
craft, With such a measurement, expected from 
MESSENGER (43), our ertor bars on Go/C 
‘would instantly drop to a level commensurate 
With uncertainties on the libration amplitude, 
roughly 6%, By assuming the densities of enust, 
mantle, and core material and using the integral 
relations for the ratio of moments of inertia, the 
Go/C value could then be used to place a useful 
constraint on the size of the come. A. superior 
estimate will require measurements of the polar 
moment of inertia of the planet (I, 14. 34, 39). 
which can be derived by combining improved 
estimates of the gravitational hamnonic coeff 
cients with our values of the obliquity ancl lbra- 
tion amplitude, 

Ean rotation studies demonstrate that the 
Jong-term monitoring of planetary rotations: r= 
Veals excitations on a variety of time scales that 
ean be used to constrain the underlying. geo 
physical processes (47). The mechanisms affect- 
ing rotation also provid: insights into interior 
structure, viscoekistic properties, and_interac- 
tions at the coreimante and atmosphere/surface 
‘boundaries. The capability to monitor the spins 
‘of terrestrial planets with Earth-based radar pro- 
Vides «new tool to probe the interiors of planets 
and opens new avenues in planetary physics. 
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Signals from Chloroplasts Converge 
to Regulate Nuclear Gene Expression 


‘Shai Koussevitzky,* Ajit Nott,*?* Todd C. Mockler,’t Fangxin Hong," 
Gilberto Sachetto-Martins,?§ Marci Surpin, Jason Lim,’* Ron Mittler,”* Joanne Chory**4] 


Plastid-to-nucleus retrograde signaling coordinates nuclear gene expression with chloroplast 
function and is essential for the photoautotrophic life-style of plants. Three retrograde signals 
have been described, but little is known of their signaling pathways. We show here that 
GUNA, a chloroplast-localized pentatricopeptide-repeat protein, and ABI4, an Apetala 2 
(AP2)-type transcription factor, are common to all three pathways. ABI4 binds the promoter 
of a retrograde-regulated gene through a conserved motif found in close proximity to a 
light-regulatory element. We propose a model in which multiple indicators of aberrant plastid 
function in Arabidopsis are integrated upstream of GUN within plastids, which leads to ABI4- 


mediated repression of nuclear-encoded genes. 


hloroplasts contain about 3000 proteins, 
( of which more than 95% are encoded by 
nuclear genes, As a result, enzyme 
‘and photosynthetic complexes within chloro 
pasts contain subunits encoded by two spatially 
separated genomes (J). This necessitates & tight 
‘coordination of gene expression that involves 
twouway signaling between the chloroplasts and 
the nuckus, While plastid development is 
langely under nuclear control, developmentally 
artested or damaged plastids can regulate: nue 
expression via retrograde signaling 
pathways. Mitochondria also emit signals that 
regulate the expression of nuclear genes in 1e- 
sponse to its condition: this signaling is involved 
in important processes including senescence and 
tumor progression (2). 

‘Three independent plasti-to-nueleus retro- 
ignide signaling pathways have been described 
(3-5), Inthe best-defined pathway, accumula 
tion of Mg- protoporphyrin IX. (Mg-protoP IX), 

chlorophyll biosynthetic intermediate, teads 
to down-regulation of hundreds of genes in 
Arabidopsis andi has been shown to be involved 
in gene regulation in Chlamsclomonas reimhani 
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(6). Gene proccts of four raltdoymis GENOMES 
UNCOUPLED (GUN) Wasi, GUN2, 3, 4, and S 
(0), are involved in modulating Mg-protoPIX ley 
cls (6-9). A second pathway represses Lich ex- 
pression in response to inhibition of plastid gene 
‘expression (PGE) and requires GUN/ (3. 5, 10), 
The third signaling pathway mediates signals de- 
rived from the reduction oxidation (redox) state 
fof the photosynthetic electon transfer chain 
(PET) and affects both photoyynthesisrelated 
and stress-related genes (3, 5). The redox state 
ff the plastoquinone pool and other PET com- 
‘ponents, as well as reactive oxygen species (ROS), 
play a role in PET-derived signaling (3, 5). In 
this work, we present evidence in support of a 
single retrograde signaling pathway that inte- 
trates information from multiple indicators of 
plastid functional state 

GUNI encodes a chloroplast-localized 
pentatricopeptide-repeat protein. We ident 
fiod seven new gunT alleles in two genetic 
sereens (/1) by using a transgenic Arabidopsis 
line carrying a luciferase reponer under the 
control of the Lich (encoding a light-harvesting 
chlorophyll a’b-binding protein) promoter, 
Which is known to respond to retrograde signals 
(Col 63, Fig. 1A), We used cither norflurazon 
(NF), an inhibitor of carotenoid. biosynthesis 
that causes photo-oridative damage and 
‘cumulation of Mg-protoPIX. inthe light, oF 
Fincomycin, an inhibitor of plastid. protein 
synthesis. We mapped GLIN/ to a ~93-kilobase 
region on the bottom am of chromosome 2. 
When we sequenced candidate genes, we found 
mutations in AQw31400 in all gut alleles (Fi 
1B), Genomic fragments, encompassing the 
predicted open reading frame of 
fused at its C terminus to either 
rescent protein (GFP) or six-hemagglutinin 
(6xHA) tags, were able 10 rescue the gun! 
phenotype (Fig. 1C). 

GUNI encodes 3 918-amino acid polypep- 
lide that is a member of the P subfamily of 
pentatricopeptide repeat (PPR) containing. pro- 
Teins (/2). PPR-protcin coding genes are a 
vastly expanded family in land plants, with 
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~441 and 650 members in. Aruidopsis and 
rive, respectively (/2), Putative GUN onhologs 
ccan be readily identified in rice (Os12237550) 
and poplar (fig. SI). A majority of the PPR pio- 
teins are targeted to either mitochondria or plas- 
tids, where they have been proposed to function 
in processing, editing, stability, and translation of | 
RNA molecules (12-16). In addition to the PPR 
motifs, GUNI also has a small mutS-related 
(SMR) domain (/7). The SMR domain is highly 
conserved across species and is found in small 
singl-omain proteins, such as Escherichia coli 
Str, as part of MutS2 (7), or in association 
With PPR motifs in higher plants, There are five 
other Arabidopsis proteins that have a domain 
structure similar to GUNI, i, several PPR mo- 
Atif followed by a Ctemninal SMR domain and 
‘one of those, pTAC2, is part of transcrptionally 
active complexes isolated from Arabidopsis and 
mustard (/8). PPR motifs have been propsed 10 
mediate interactions with nucleic acids (/2), in- 
cluding DNA (19, 20), and the SMR. domain is 
found in proteins involved in DNA. repair and 
recombination, We observed that a fragment of 
GUNI containing both the PPR and SMR do- 
mains coud bind DNA (lig. S2A). The SMR 
domain alone bound very strongly, whereas. a 
fragment containing the PPR motifs alone showed 
\weak binding, This sugzests that GUN function 
may be distinct fiom the known PPR proteins, 
\which are thought to be involved in RNA pro 
cessing activities. GUN has a putative plastid- 
targeting signal sequence at its N terminus, and 
construct Licking this sequence failed to rescue 
‘8.guin! rtutant plant. Full-length GUN -GEP fie 
sion constructs rescued the gun phenotype, but 
\we did not observe GEP fluorescence in several 
fines that we tested. Using dgrohacterimeited 
transient expression in Nicoriana benthamiana 
eaves (2/), we found that GUNI- and pTAC2 
yellow fluorescent protein (YFP) fusions local 
ized to distinct foci within chloroplasts of 
mesophyll cells (Fig. 1D). When GUNI-YEP 
sand pTAC2-eyan fluorescent protein (CFP) were 
coexpressed. we could clearly observe coloca- 
ization of the YEP and CFP signals (Fig, 1E), 
indicating tha, like pTAC2, GUN is also asso- 
ciated with sites of active transcription on plastid 
DNA. 

GUNZ is insensitive to accumulation of 
[Mg-protoPIX. Among the Known sin mutants 
‘only gun/ has a gun phenotype when grown 
in the presence of either lincomycin or NF 
However, NF treatment also results in photo- 
oxidative damage to plastid ribosomes, ani it 
has boen sugzested that this could indirectly 
trigger the PGE pathway (22). Because the PGI 
ive only during the first 3 days 
tion (10), we treated older seedlings 
with NF to test whether GUN1 plays a role in 
the Mg-protoPIX pathway. Similar to gun5 seed- 
lings, 4day-old light-grown gun? seedlings were 
tunable to repress Lhch expression when treated 
with NF (Fig. 2A), We then tested to see if 
gun] mutants were impaired in their response 
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to elevated Mz-protoPIX levels induced by di- 
Piridyl (DP), which is known to restore the 
repression of Lich wenes in gun? and gun5 sede 
lings grown on NF (6). DP treatment did not re- 
store Lich repression in gun! seadlings wrown on 
NF oo lincomyein (Fig, 2B). The results of the 
late NF twatment and the inability of DP 10 re 
store repression of Lich in gun? demonstrate that 
GUNI plays a role in the Mg-protoPIX pathway 
Unlik 3.4, and 5, gun! does not sem to 
be involved in chlorophyll biosynthesis, which 
licates that it most likely acts downstream of 
My: protoP IX accumulation, 

Common targets for gund and guns. To 
identify a comprehensive set of nuclear gene 
under the contol of retrograde pathways, we 
analyzed the global zene expression response 0 
Wik-type, gun/, and guns seedlings to NF, using 
the Aflymetriy Arabidopsis ATH genome ar 
rays. From these anys, 778 une showed dif 
ferential expression between either the condition 


(contol versus NF) or the genotype (wikbtype 
and 


Versus gund.gunS and guid versus guns A 
striking linear correlation was observed between 
the multiple of change (Fok is 
logarithmic scale, hereater, log fold change), in 
ene expression observed in NF-rcated gun] oF 
sun compared with wild type (Fig, 2C}. Cluster 
analysis of 1150 genes that were diffenentially 
expressed in gun! or gun compared with wikl 
type on NF showed pate be 
twwcen srt? and gums (Fig. 2D). OF these, 488 
nuclear genes were repressed by NF in wild type 
[P< 001 RankProd (23), and 370 of those haat 
expression in ether yun? oF guS on NF greater 
than twice what was seen in the wild type. OF 


Zase OF ACCES, 


329 (89%) were derepressed in 
mS, which strongly implicated 
the same pathway. The lack 


both gun! and 
GUNI and GUNS 
of an additive effect in a gun!-9.guns double 


mutant grown on NF compared with individual 
mutants lends further support to this conclusion 
(fig. S20). 

Identification of ABI4 as a nuclear compo- 
nent of retrograde signaling. To identify reg 
ulatory elements enriched in the promoters of 
target genes of the retrograde signal 
ways, we analyasd $00- base pair (bp) 
sequence unsteam of the 329 genes derepressal 
in both gua? and sun5. An ACGT matif, the core 
‘of both the light-responsive G box (CACGTG) 
(24) and the abscisic acid (ABA) response de 
ment (ABRE) (25-27), appeared 944 times in the 
promoters of these genes compared with the ew 
pected 239 times (17); a Z score of 3.2 indicated 
that it i significantly ovemepresented (P< 0.01), 
To test whether components of the ABA sig. 
naling pathway play a role in retrograde signaling, 
we analyzed the retrmgrade response in ABA. 
deficient and ABA-insensitive mutants (25, 28). 
Only one ABA-tclted mutant, ahid, showad 
Lhch mRNA accumulation even when chloroplast 
function was imps (Fig. 3A), Lincomycin 
treatment resulted in a reduction in Lich transcript 
levels 10 1/10th those in the untrtad seedlings, 
ar wikltype ig Band 
S3A) G, 2%) In contrast, transcription in 
sunl-I o€ abd (Fig. 3B) was reduced to one-third 
‘of controls, which indicated that, like GUN1 
ABIS plays a role in PGE-dependent signaling 

The identification of abit as a retwograde 
signaling mutant suggested that ABA, a known 


gun$ seedlings ( 


fig 
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Fig. 1. GUN1 is a pentatricopeptide-epeat protein. (A) New alleles of gunt 
show enhanced derepression of Unc. Seedings were treated with lincomycin for 
6 days. Unc RNA was detected by Norther blotting. We used 255 ribosomal 
RNA (rRNA) as a loading control. (B) GUNZ encodes 2 pentatricopeptide-epeat 
protein, Schematic representation of GUN1 shows the position and nature of the 
mutations in various alleles. Botes and tines indicate exons and introns, re- 
spectively. (© Genomic fragments of At2g31400 complement gun2. Total 
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stress hormone, might be 
urade signal. This does not appear to be the 
ABA. 


nt mutant (aba!) did 
late any Lich mRNA when grown 


in (Fig. 3A), Furthermore, addition 


and effect on abit seedlings 
S3B), gun! was also distinguished! 
fiom aid in germination assays (fig, S3C), 
Collectively, these results indicate that ABA is 
unlikely 10 be the actual retrograde signal, I is 
noteworthy that GUNS has ovently been shown 
to be an ABA receptor, but its Mg-chelatase 
activity appears to be distinet from its role in 
ABA signaling (9, 30) 

ABI4 acts downstream of GUN1 in retro- 
grade signaling. Several lines of evidence in 
dicate that GUNI and ABIG act in the 5 
signaling pathway. First, gun! is epistatic 10 
abit: Lich mRNA levels in a gunl-Labid 
double mutant were similar to a gul-1 single 
rnutant (fig, S3D), Second, we observed signi 
icam overlap in nuclear genes misregulted in 
sunt-1 and abit, $7% and 46 
wore either derepressed or repressed, fespective 
ly (fig. S4), Finally, overexpression of ABI-GEP 
suppressed the ul-1 phenotype. We trans- 
formed Lich:-luciferase gunl-1 seedlings with 
sa ABH-GFP fusion driven by the cauliflower 
inesaic virus CaMV’ 385° promoter, Individual 


sevond-gonet wed 
for ABH-GEP and luciferase expression, We 
detected no uci tivity in lincomycin- 
tuvated Tz seedlings that overexpressed the fi 
sion protein (Fig. 3D). 


mn (T;) seedlings were 


i 


RNA was isolated from homozygous transgenic lines, and Uhcb RNA was 
detected by Norther blotting. Ethidium bromide-stained rRNA is shown as 
2 loading control. (D and E) GUN1 and pTAC2 colocalize within chloroplasts. 
'N, benthamiana leaves were infiltrated with Agrobacterium carrying the 
indicated constructs, and protoplasts were prepared 4 days postnfitration 
Fluorescence was imaged by confocal microscopy, and a representative 
image from a single protoplast is shown, Scale bar, 10 uM. 


The GUN1-ABI4 pathway integrates multi- 
ple chloroplast-derived signals. We then tested 
whether ABI is ako involved in the Mg- 
protoPIX pathway. Wikltype, unl, gunS, and 
‘abi were grown on NF for 4 days in the dark 
and then transferred to 
illumination, all seedlings accumulated similar 
levels of Lich mRNA (tig. S3E), which con- 
firmed that neither the Mg-prtaPIX nor the 
endent pathway had been triggered at 
e. With prolonged light treatment, 
gun, gun5, and abit accumulated higher levels 
of Lich mRNA than wikl type: this was also 
true when we measured luciferase activity in 
Lhcbs:tuciferase seedlings grown under these 
conditions (Fig, 4A). These results indicate that, 
like GUNT and GUNS, ABI, aso plays a role 
in the Mg-protoPIX pathway. 

We then tested if GUNI and ABI are also 
involved in PET-derived signaling, Hcl transcript 
levels were reduced in wild-type seedlings in 
Fesponse to intense Tight: this reduction wats 
evident even after a 1S-min exposure (Fig. 4B), 
Lich mRNA levels in both gun! and abi were 
fess alfected by such exposure, although Lich 
levels dectined in both mutants after 3 to 6 hours 
4B), We then studied the expression of 
Zatl2 and Zatl0, two ones that encode zine- 
finger DNA binding proteins, in response to 
intense light, Zaf/2 is required for the expression 
Of APX? under osidative stress (27), and protein 
products of both these genes mediate the re- 
sponse of Arabidopsis to several abiotic stresses 
(32), Ropid, transient accumulation of both 


Fig. 2. GUN and GUNS A 
are components of the 

‘same signaling pathway. 
(A) gund seediings are 
impaired in retrograde 
regulation triggered by 
NF. Four-day-old green 
seedlings were treated 
with NF and harvested 
9 days later. Methylene 
blue-stained membrane 
‘shows rRNA as a loading 


ment, gund-9 and gun 
‘seedlings were treated | 
8 
f 


with fincomycin or NF for 
5 days and harvested 
24 hours after adition of 
1 mM DP and 05 mit 
‘MgCls (final concentra- 
tion). Methylene blue 
stained membrane shows 
FRNA as a loading contrl. 
(© Microarray experiments 
indicate strong correla- 
tion between genes mis- 
regulated in guni-9 and 


‘After 3 hours of 


é : 
103,FC (gant Batt 


‘transcripts was observed within 1S min of expo- 
sure to intense light: a more sustainable accumu- 
lation was observed afier 1 03 hours (Fig. 4C). 
The latter was delayed in both gun! and abit 
seedlings, which suggests that not only repres- 
sion, but abso induction, of gene expression in 
response toa PET-derived signal, requires GUNI 
and ABI4, The role of both GUNI and ABI in 
all three retrograde signaling pathways is in 
agreement with a previously proposed “master 
switch,” which controls the expression of a large 
umber of nuckear genes in response to plastid- 
derived signals (33), 

abit has also been identified as a sugar 
insensitive mutant (25), and sugar signaling 
though ABIS has been linked 10 chloroplast 
retrograde signaling (34). PETeinduced gene ex- 
pression is inhibited by sugar and this inhibition 
requires ABIS (4), In sucrose uncoupled! 6 (an 
allele of hi), exogenous sucrose does not inhibit 
the expression of nuclear-encoded. photosyn- 
thetic genes (5), To understand the connection 
between sugar and retrograde signaling, we ex 
aminod Lich expression in 4-day-old seedlings 
treated with exogenous glucose. ich expression 
in wild type was significantly reduced in re- 
sponse wo 7% glicose in the growth n 
(Fig. 4D), but only slightly decreased in abi and 
largely unchanged in gun scadlings. Sorbitol dit 
not affect Lich expression, which suggested that 
this is not a response to osmotic sess. Glcese 
also enhanced the greening of etiolated wikl- 
type soadlings, whereas the greening of gut? 
and abit scedlings was less affected (Hig. SS). 
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.gun5. Average log fold changes for 7778 nuclear genes are plotted. (D) gun and gun5 have a similar 
patter of nuclear gene expression. Heat map depicts 1150 genes differentially expressed in gun-9 or 
‘gun5 compared with wild type. Average values were calculated using Col 6-3-nf as reference. 
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‘These results suggest that in addition to retro- 
grade signaling, GUNI and ABI4 are involved 
in ghicose-medisted repression of photosyn- 
thetic gene expression and the transition from 
heterotrophic to photosutotrophic growth. U 
like abi4, gemnination of gun! was inhibited by 
7% ghicose, which suggested that it is not str 
Iya glucase-insensitive mutant. However, because 
it is required for the glucose-madiated Lich re- 
‘pression, it is possible that this represents a fourth, 
‘previously unidentified, plastd-derived signal, 
ABI4 can bind the promoter of Lich. Our 
promoter analysis did not reveal any known 
binding sites for ABI4 (27, 36), yet a yeast one- 
hhybrid assay indicated that ABI4 could directly 
bind the promoter of Lich (Fig. SA). tn CU 
‘which is a G-box cement requied for rerograde 
signaling (6), two cytosine residues precede the 
G bo and that results in two overlapping ele- 
ments, the CCAC and the ACGT core, The 
CCAC was overepresented in the promoters of | 
the 329 genes derepressed by gu and gu it 
appeared 1048 times, although the expected 
fiequency was only 302 (Z score of 11.34), 
About 70% of these promoters contained a 
CCAC/ACGT combination, and in the majority, 
these clments were either overlapping or cl 
ly spaced (1 to 3 bp) with about 70% 
fewer than 20 bp between the two, A simi 
cirichment was found in the genes derepressed 
‘on lincomyein in gear? and ahid (Fig. $4). When 
Jement was mutaled to TTACGT. 
(leaving the G-box core intact), ABI could not 
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Fig. 3. abid is a gun mutant. (A) Lhcbt mRNA 
accumulation in 6-day-old lincomycin-treated wild 
type (of three Arabidopsis ecotypes Col, Ler, 
and Ws), gund, and ABA mutants. gund and abid 
are in the ColO background, aba, abi2, abi2, 
and abi3 are in Ler, and abiS is in Ws. (B) 
‘Quantitative analysis of three replicates showing the 
average ratio of LicbyiRNA. between. lincomycin- 
‘treated and untreated wildtype, gun, and abid. (C) 
Uncb1_ mRNA accumulation in B-day-old_ ABA- 
treated wild type, gun2, and abi4. (D) Luciferase 
and GFP activity in lincomycin-treated seedlings 
of wild type, gunz, and gund overexpressing an 
ABI4-GFP fusion protein, 
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Gucose (Wy 2-7 27 2 7 


Fig. 4. GUN1 and ABH mediate several chlocoplas- 
derived signals. (A) Lhcb mRNA accumulation (et) 


Norflurazon-treated wild type, gun, gun5, 
for 


transferred to light for 3 more days, (B) Lich 
MRNA levels in 4-week-old wild type, gunt, and 
bid seedlings grown under ow light 
to high light intensities for the indicated time. (C) 
Zotl2 and ZatlO mRNA levels in seedlings de- 
scribed in (B). (D) Uhcb1 mRNA accumulation in 
wild type, gun, and abit seedtings treated with 
7% glucose. 


facilitate growth on Hisdeficient media. In eon 
trast, when the CURT element wits mutated 10 
CCACAA, which eliminated the G-box core, 
ABI enabled growth in the absence of His 
(Fig. SA): this result suggested that ABI binds 
this CCAC motif: This. motif is significantly 
smaller than previously described ABI4-binding 
sites, which suggests that it might be a core 
‘element required for ABI4 binding. It has been 
reported that light and retrograde signals are 
mediated by cis elements found in close prox- 
imity (3). It is conceivable that by binding to the 
CCAC motif, ABH inhibits G box: mediated, 
light-induced expression of photosynthetic genes 
‘when chloroplast development is amested. Pro 


teins that contain Apetala 2 (AP2) have been 
shown to act as transcriptional repressors in r= 
spose to ABA, ethylene, an jasmonic acid (37) 
Not all of the promoters of retrograde-egulated 


_genes contained the C 


by competitive binding. Repression of thase genes 
by retrograde signals might occur through difler- 
ent ABLbbinding sites. 

ABI4 is highly expressed in seals and is 
barely detectable in seedlings after germination 
(38); its expression is induced by ghicose (3%) 


and possibly other sugars (40). In wikltype seed- 
lings, expresion of ABH did not change after 
Fincomyein treatment; however, in both treated 
and untreated gun! seedlings ABM mRNA lev- 
els were significantly lower than wild type 
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Fig. 5. ABIS can bind the promoter of UicbI"2. (A) 
‘A yeast strain with the HIS3 gene driven by a 200- 
bp Uhcbi"2 promoter containing either wid type 
(CCACGD) oF two mutated (TTACGT and CCACAA) 
motifs was transformed with a plasmid encoding 
the GALA activation domain with (AB-AD) oF 
without (AD) an ABI4 fusion. Transformants were 
{grown on Hisrdeicient media with or without S mM 
3-amino-1,2,4-triazole. (B) ABH expression is down- 
regulated in gunt. RNA was extracted from S-day- 
‘old seedkings grown with or without lincomycin. Fist 
strand cDNA was used a5 template with AB/4 or 
ubiquitin UBQLO specific primers. Polymerase chain 
reaction products were transferred to a membrane 
and probed with a radiolabeled AB/4 probe. 


(Fig. SB). This suggests that, although ABH 
expression is not directly induced by lincomy- 
cin, GUNI is required for its expression. ABU 
expression was up-regulated by fincomycin 
Uieatment of ahif seedlings (Fig. $B), possibly 
in an attempt to compensate for the nonfun 
tional ABI4. Although originally identified as 
an ABA-insensitive mutant, ahid has_ sinc 
been identified in screens for sugar and salt 
resistance, as well as several others (28). Our 
data suggest that ABI4 may be the previously 
proposed master switch (33) required for the 
regulation of nuclear genes in response 10 de- 
Velopmental cues, as well as environmental sig- 
nals. integrated within the chloroplast. Our 
fingings also distinguish between chloroplast 
and mitochondria retrograde signaling, because 
neither organellar PPR-containing protein nor an 
AP2.type transcription factor are known to act 
in the mitochondria-derived signaling in plants 
(4D, yeast, oF mammalian cells 

In this study, we have presented genom 
‘genetic, and biochemical evidence that the three 
known retrograde signals, previously thought 
bbe mediated by partially redundant signaling 
pathways, are integrated within the chloroplast 
upstream of GUNI and that ABI acts down- 
stream in the same pathway. We propose a mod 
cl in which all three signals are integrated within 
plastids and GUNI is required to either generate 
(or transmit a second common signal to the mu- 


cleus (fig. S6). In response to the GUN L-derived 
signal, ABH binds the promoter of Lich, which 
prevents the binding of G box-binding factors 
required for light-induced expression of nuclear 
photosynthetic genes (24). A potentially impor- 
tant benefit of multiple plastid-zenerated signals 
‘converging on one common pathway is that this 
convergence allows the monitoring of key 
parameters of a functional chloroplast while 
awoiding the potentially disastrous consequences 
of conflicting signals exerting contol over nu- 
lear gene expression. The chemical nature of 
this common signal now surfaces as the key 
question 
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Blastocyst Axis Is Specified 
Independently of Early Cell Lineage 
But Aligns with the ZP Shape 


‘Yoko Kurotaki,"* Kohei Hatta,”t Kazuki Nakao, * Yo-ichi Nabeshima,”? Toshihiko Fujimori*? 


The mechanisms controling the establishment of the embryonic-abembryonic (E-Ab) axis of the 


mammatian blastocyst are controversial. We used 


vitro time-lapse imaging and in vivo 


lineage labeling to provide evidence that the E-Ab axis of the mouse blastocyst is generated 
independently of early cet lineage. Rather, both the boundary between two-cell blastomeres and 
the E-Ab axis of the blastocyst align relative to the ellipsoidal shape of the zona pellucida (ZP), an 
‘extraembryonic structure, Lack of correlation between cell lineage and the E-Ab axis can be 
‘explained by the rotation of the embryo within the ZP. 


uring. vertebrate development the fertile 
D)istscesiseaenton wth 

asymmetric body axis, In species such 
as the fog, information relating w the specifi 
‘cation of the future body axis is asymmetrically 
focalized as stored matemal factors in the fer= 
tiled exe (2). By contrast, in mammalian em 
bryos, no proteins oF other cellular components 
are known to be localized asymmetrically in the 
fertilized eye. Mammalian embryos possess a 
highly regulative character that is also a basis for 
rocent regenerative medicine, and the pattem of 
cell division and allocation of cells within an em- 
bryo durin the early stages vary between em- 
bryos. There are reports sugwesting that intrinsic 
{information relating the future embryonic axis 
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already present in early cleaving mouse embryos 
(2-7), However, several groups have presented 
data contradicting this hypothesis, suggesting in- 
stead that the biay relating to the embryonic axis 
is found relatively late in development (8-13). 
We have designed a series of experiments 10 di- 
rectly address this controversial issue. 

The blastocyst consist of two types of cells, 
those of the inner cell mass (ICM) and those of 
the trophectoderm (TE). After the fith cell di- 
Vision, the mouse embryo starts to form a cavity 
(blastocoel or blastocyst cavity). The localiza 
tion of the ICM on one side of this cavity marks 
the first appearance of an embryonic axis, known 
as the embryonic-abembryonic (E-Ab) axis 
Thus, the differentiation of cells into ICM and 

c specification of the 


centiation of ICM and TE (/4, 15). However, the 


‘onset of specification of these two cell types has 
still not been defined. One hypothesis is that the 
cells located inside the morula mainly contrib 
ute to the ICM whereas outside cells differen- 
tiate into TE cells (76-19). This “insige-outside 
‘hypothesis has its basis in analyses of separated 
blastomeres. and continuous information from 

act embryos is currently very limited. In this 
study. we focused on the preimplantation stage 
‘of mouse development to reveal factors) that 
function in specification of the blastocyst axis. 
Embryo shape [with and without the zona 
pellucida (ZP), the membrane surrounding the 


embryo proper] and the comelation between 
carly cell lineages and cell fite were examined, 

Analysis of cell behavior in developing pre- 
‘implantation mouse embryos using a cell tracing 
system, One way Ww determine the omelation 
between cell lineage and axis formation in the 
‘manumalian embryo is to label and continuously 
‘observe all of the cells in tive, undisrupted em 
tyes during the entire period of interest. We gen 
cried a warsgenic mouse fine (R26H2BEGFP) 
that ubiquitously expresses EGFP (enhanced 
‘green Muorescent protein) fused to human his- 
tone HB (20) under the control of the Rasa26 
locus (2/). This allowed continuous labeling 
of chromosomes in the nuckei of all the cells 
‘with fluorescent signals. To record develop 
‘ment fiom the tWo-cell to the blastocyst stage 
Wwe captured bright-fick! and fluorescence im- 
ages every 10 min (Fig. 1, A 102), Fluorescence 
images with Sum steps Were used to reconstruct 
images that can be viewed three-imensionally 
‘with glasses colored in red and green (Fig. 1, G 
to J, and movie SI). The position of each nue 
cleus was plotted on the images, and the 
position recorded simultaneously (Fig. 1 K to 
©). A total of 124 embryos were recorded in 15 
repetitions of the experiment, OF these embryas, 
108 (87%) developed into blastocysts, ark! in 
‘most eases the initial formation of the blastocoe! 
‘was seen afer the fith cell division, The number 
of nuclei identified and traced varied between 
cambryos. We traced as many cells as possible 
and the average number of traced cells Was 31.8 
perembryo, The embryos attached weakly to the 
culture plate, and the position of the ZP relative 
tothe bottom of the culture plate remained fixed, 
judging from its shape and pigmentation pat- 
tem, By contrast, the position of the embryo 
[proper within the ZP was not fixed, but embryos 
rotated within the ZP, as reported previously (3), 
A typical result of tracing the nuclei of an em- 
bryo from the two-cell stage is shown in Figs. 
1 and 2A. When the traced points were plotted 
against time, a cell lineage map could be drawn 
(Fig. 2B). Because of technical limitations, we 
could not apply molecular markers to distin- 
zguish the ICM and TE in embryos used for time- 
lapse reconting. However, whether a cell was in 
the embryonic region of the blastocyst (ICM and 
polar TE) o in the abembryonic region (mural 
‘TE) was judged from bright-field images, and the 
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H2BEGEP-libelal nuclei was scored appropet 
2. Dand 


E) and traced back to the two- oF four-cel st 


In 66 embryos analyzed from the Wwo-cell st 


all of the descendants of two-cel bla 


contributed to both embryonic and abembryonic 


ons. When the analysis was carried out fom 


the fourcell stage, a wide range of ratios was 


to the embr 
ig. SI), Out 


contributed to bok 
regions, No 


region was observed for 20 (7.6%) fourcell 
bblastomens, whereas the descendants of 22 
(8.3%) fourcell blastomeres were found on 


blastomeres and their future fates. We tried to 
classily the division pattems in the same way as 


reviously (3, 22), However, we were 


Which portion of cytoplasm was divid 


the cleavage, because the relative position 


blastomeres changed! and the second polar body 


moved on the surfice of blastomeres. during 


cleavage, Thus, we could not reproduce previou 
results indicating differences in future fates 
between blastomeres of the four-eell stage afler 


1 specific type of ckavage, By contrast, our 


gest that the blastocyst aN 


ress su is formed 


independently of the carly cell lineage up to 


the four-cell stage. When cell lineage 


amined in later stages, such as the [6-cell stage 
each other had 


common fies in the blastoeyst. This sugge 


that fiture cell fle does relate 1 the posit 


Fig. 1. Time-lapse record 
ing and tracing of nuclei in 
developing preimplanta: 
tion R26H2BEGFP homazy- 
gous embryos. Bright field 
images (A to F) and im- 
ages of EGFP (G to }) were 
captured simultaneously, 
The position of each ruc 
lus was plotted and num 
ered (K to 0). In. this 
embryo, 35 cells were iden 
tified in the blastocyst, and 
the behavior of all of them 
was analyzed from the tor 
cell stage. The four colors 
(red, green, blue, and pur 
ple) correspond to each of 
the four-cell_ blastomeres, 
The second polar body is 
yellow. This analysis was 
carried out in reverse order 
from the blastogst stage. 
Thus, several points are over 
lapping in nuclei of early 
stages. Scale bar indicates 
20 um. 
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explain 
stage, as reported by Gardner and Davies (23), 


Lineage tracing in blastocysts developed 
in vivo. ¢ experiment 


dial for ermby 


development, We therefore 


A. transgenic 


strain lishe sly ex 
Kikume Gree 
fh 


Red (MBL, Nagoya, Japan), a 


afler exposure 10 
7). For cell 


ultraviolet (UV) light (26, 


labeling, a part of a single 1wo-cell blastomere 
was exposed t0 weak UV light (Fig. 3, A and 
B), The converted red. protcins were observed 
th 1° whole blastomere (Fig. 3B). A 


total of 74 embryos labeled in this way at the 
two were transferred immediately 1 
the o pregnant females, Of 
these « 70 were $3 were at 


the blastocyst stage, and 


were distinguishable in 41 embryos, In 29 
(71%) embryos examined b 


L 


to S. In the remaining 12 (29%) embryos, cells 


of different colors were intemningled, at least 


ally, and two or more clusters of cells with 


In most of the 


1¢ same color were observed. 
mb: 


10s with only two clusters of red and grcen 


cells, the boundary between these clusters was 


not straight, It was therefore not easy 10 de 


termine the angle between the boundary and the 


EAb 


blastocyst. For example, in the 


the boundary seemed 
Ab axis at 


focal plane shown in Fig, 31 around the em 


bryonic region, However, this was not the ease 
and the 
1¢ two colors was roughly 
E-Ab avis, Because the 
1 of labeled cells differed along the 
Fig. 3, Eto | 


at the focal plane shown in Fig, 3L 


pemendicular 


positions in this embryo (comp. 
and Fig 3, Nw S), it 


example of an embryo in which the boundary 


Was neither parallel nor perpendicular to the 
E-Ab avis 


In two embryos (54%), the bound: 


to E-Ab axis. On the other hand, in another four 


ay varied along the = axis, These results suggest 


that there is no such tendency that the one of 
cell blastomeres contribute mainly wo either em 
txyonic oF abembryonic region of the blastocyst 
These in vivo experiments produced the same re 
is 


the in vitro time-lapse 
axis of the blastocyst is formed inde 
pendently of cell lineage fom the wo-cell ste 

Correlation between the shape of the ZP and 
the blastocyst axis. Inn 


Jeavage plane and the E 


Ab ais af the blastocyst 


There are reports that suggest that the shape of three-cimen 
the ZP isn 
in preimplantation 


onal shape of the ZP [Suppo 


1 sphere but sometimes ellipsoidal Online Material (SOM) text] and noticed that it 


U4, 28-30), that two-cell blastomeres 


It has also been proposed that this ellipsoidal 


shape provides asymmetrical physical pressure 1¢ ZP was mainiained 


to orient the blastocyst avis (8), We analyzed the $3) 10 early blastocyst 


i9. 2. Positions and velocity of movement of nucle plotted against time from traced images. After the 
ruclei were traced (A), their positions on the y axis were plotted against time (1) (B). (C) The velocity (v) 
of each nucleus was plotted against time. Because the nuclei moved a long distance during cleavage, the 
peaks of the graphs correspond to the period of each cleavage (shown by bars and arrows). (D and E) 
The same plot points as (A) and (B) are shown in red and blue, corresponding to cells in the abembryonic 
(mural TE) and embryonic (the ICM and polar TE) regions at the blastocyst stage, respectively. in this 
embryo, both colors were seen in all of the four-cell blastomeres. 
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xe (movie $1) before the blastocoel expands, 
We found that the embryo proper rotates within 
the ZP. Co 
plane and the boundary betwe 


nsequently, the positions of the first 


eleavay the 


tworell blastomeres at the end of the two-cell 


stage (defined as the 1wo-cell boundary, 2CB) 


were not identical in most embryos, altho 
they were relatively close (fig. S3F). Thus, itis 
Ne 2CB was 


possible that in previous studies 


usa instead of the first cleavage plane 


ter ition of the two-vell embryo 


method 
relation between the 2CB and the E-Ab axis. 
J the angle between the E-Ab 
axis and the 2CB fiom time-lapse images (Fig, 4 
A to C), In 64% of embryos (47 out of 74), this 


1¢ to the blastocyst axis, Two independent 


were therefore used 10 test the cor 


le was more than 70°. Second, a localized 
region of the ZP over the polar body was labeled 
with the Iketin WGA-AlexaS94- (Invitrogen, 


Carlshad, CA) at the late worcell stage (Fig. 4 
D and E). Then, labeled embryos were either 
cultured in a conventional COs. incubitor or 
allowed 10 develop in the oviducts of pseudo 
Pregnant females. In both cases, a similar 


distribution of angles between the labeled point 


and the E-Ab axis was observed (Fig. 4, 1 and 
1, In $2% (65 of 124) and 67% (25 of 36) of 
embryos developed in vitro and in-vivo, 
respectively, the angke wats more than 70°, These 


results suggest thatthe shorter diameter of the ZP 


and the E-Ab axis of the blastocyst become 


nearly perpendicular, not only under cultured 
conditions but also during normal development 
in vivo, The ellipsoidal shape of the ZP might 
affect both the position of the two-cell blasto- 


meres and the orientation of the blastocyst axis, 
as discussed! previously (8, 9), Because & blaso- 
cys can be formed without the ZP, it is not 
ed for the formation of the blastocyst axis, 


but it might function as a kind of restriction 


for axis orientation during nomal development, 
This conclusion was also supported by the re 


sults of experiments in which embryos were 


cultured in alginate gel after removal of the ZP 
(6). In this case, the Wwo-cel stage embryo was 
used as a template to make a mold in the al 


gel. Under these conditions, the configuration of 
the alginate gel restricted embryonic shape in- 
stead of the ZP. 


To test whether the ZP has an effect on the 


blastocyst axis, we examined the development 
two-cell stage embryos after removal of the 
ZP with acid tyrode solution (Fig. 4, J 10 L). 


Embryos developed to the blastocyst stage with 
‘out the ZP at a relatively high rate (43/80), and 
the shape of the blastocoe! was closer to spheri- 
rols (Fig. 4K), 


Sts that physical pressure from 


This result 


the blastococ! overcomes the tension of the em. 


bryonic surface, The correlation between the 


2CB and blastocyst E-Ab axis was lost when 
the ZP was removed (Fig. 4L), This 
ss that the sha ZP is an important 


wpe of th 
X¢ positioning of the blastocyst avis, 


721 


722 


zh not predictive of the E-Ab direction 
These results also support the idea that the 
major f be 
tween the 2CB plane and the E-Ab axis of the 


wr determining the corel 


blastocyst lies not within the embryo proper but 
in the shape of the ZP. 

I this hypothesis is comect, movement of the 
embryo within the ZP might be the major 
reason for the lack of correlation between cell 
lineage and the spatial orientation of the blasto 
although there is 3 


eyst axis, In other words, 
ygraphical relation between the position of the 
‘hwo two-cell blastomeres and the future blasto 


eyst axis, a consistent correlation between cell 


Fig. 3. Lineage tracing 
of embryos developed 
in vwo after labeling a 
blastomere by photocon- 
version at the two-ell 
stage. A tworcell bla 
tomere of CAGKiKGR-L 
mouse embryo (A) was 
labeted by photocon- 
version (B) Labeled em- 
bryos developed in vivo 
to the blastocyst stage (C 
to S) were collected. Em- 
bryonic regions are ob- 
served on the right of 
the dashed line (0) The 
distribution of labeled 
cells was observed by 
using laser scanning mi- 
croscopy [E) to (S)) at 
several focal planes 


Fig. 4. EAb axis was close to 
perpendicular to the 2CB both 
in vitro and in vivo, and it fs 
regulated by the ZP. By using 
time-lapse images (A and B), 
we measured the angle be- 
tween the 2CB and the EAb 
axis of the blastocyst. The dis- 
tribution of the angles is shown 
in (QD to D A point on the 
ZP over the 2CB was labeled 
[(0) and (B)). Embryos devel- 
oped to the blastocyst stage 
were then analyzed [(F) and 
Gl. The angle between the flu- 
orescent label (G, arrowhead) 
and the E-Ab axis was measured 
in blastocysts developed in vitro 
(H) oF in vivo (D). (J to L) De- 
velopment of embryos without 
the ZP was recorded with the 
timetapse system, and the an- 
gles between the 2CB and E-Ab 
axis were analyzed. 
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lineage and axis specification is not observed. 


have resulted in a major point of controversy in 
ze dependency 
the 
spatial relation between the position of the 1wo- 


he field. In previous reports, i 


as concluded on the basis of analyzit 


cell blastomeres and the axis of the blastocyst 


(6, 23). We noticed that embryos rotated within 
1¢ ZP (movie SI he relative position 
‘of each cell changed during cleavage. This might 
explain the inconsistency mentioned above 
When embryos were embedded within alginate 


embryos within the ZP was 
stricta (mwvie $2). L 


ler these condi 


removed 
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none of the 21 embryos examined rotated or 
changed their position relative to the ZP. The 
E-Ab axis formed nearly. perpendicular to the 
the ZP. Cells derived from a 


short diameter 


twocell blastomen: (colored in grcen and rex in 
movie $2) Jocalized mainly in the embryonic 
region, whereas cells derived fiom the other wo- 
cell blastomere were found mainly in the aber. 
bryonic region of the blastocyst. This shows that 
a correlation between cell lincage and the axis of 
the blastocyst can be observed when the move 
ment of the embryos within the ZP is restricted. 
hat descendants 
of a two-cell blastomene localized along the E-Ab 
of blastocysts (/2), These embryos 
were also cultural in alginate gel, and thus the 
movement of the cnbyyos within the ZP might 
uve been retrial, This may explain why we 
hservad lineage dependency in these experiments, 
This aygument might ako apply to other experi 
ut under the similar conditions 
restricting embryonic movements (2, 7) 


In a previous study, we reported 


In addition to the rotation of embryos within 


the ZP, other factors may also promote inter 
mingling of cells within the embryo during nor 
imal development. For example, the velocity of 


moves over time) becomes highest when a cell 
divides (Fig, 2C and SOM text) reflecting. the 


fact that nuclei move a Jong distance during cell 


division, Thus, both complex movements of the 
embryo within the ZP and the rea 
cells within the embryo might contribute to the 
fact that bl axis. specification isnot 
trietly dependent on early cell tinea 
mammalian embryo, 


The molecular mechanisms controlling the 
formation and specification of the blastocyst 
axis have not been studied in this paper, In the 
future, the localization of functional molecules 
‘dx-2, Nanog, and Oct (4, 15) rust 


such as ¢ 
imaging techniques similar wo those described! 
here 10 reveal the mechanism of differentiation, 


mammalian embryos may provide information 


dition, examination of ZP shape in other 


about whether our findings with the mouse em 

bryo are applicable 10 other species 
Conclusion. We have shown that the spec 
Ab avis is 

By contrast, 


ification of the mouse blastocyst E 


not dependent on early cell Lineags 
the position of the bla 
with the ellipsoidal shape of the ZP, which is 
maintained during preimplan 
Thus, the bias for axis positioning in 
mouse embryos is imposed by factors 
‘outside the embryo, namely the ZP and its shape, 
and not by intrinsic factors residing within the 


blastomeres 
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Quantum Coherent Tunable Coupling 
of Superconducting Qubits 


‘A, 0. Niskanen, K. Harral 


F. Yoshihara,? Y, Nakamura,™2* S. Lloyd }. S, Tsai” 


To do large-scale quantum information processing, itis necessary to control the interactions 
between individual qubits while retaining quantum coherence. To this end, superconducting 
Circuits allow for a high degree of flexibility. We report on the time-domain tunable coupling of 
‘optimally biased superconducting flux qubits. By modulating the nonlinear inductance of an 
additional coupling element, we parametrically induced a two-qubit transition that was othemwise 
forbidden. We observed an on/off coupling ratio of 19 and were able to demonstrate a simple 


quantum protocol. 


‘acroscopic quantum coherence of 
superconducting structures is an 
intriguing physical phenomenon. The 


reasons for studying it include not onty the pros 
pect of constructing a quantum computer but also 
the possibility of realizing quantun-mechanical 
‘coherence in artificially ibricated structures. The 
properties of superconducting qubits (I-3) are 
being vigorously studied, with the relevant co- 
erence times of the quantum states now extend- 
ing to the microsecond range (4-7), in particuar 
because the qubits are being operated at optimal 
bias points (4), When two or more gubits are 
coupled, quantum mechanics predicts that the 
‘combination can be, roughly speaking. more than 
the sum of its constituents, This entirely onckas- 
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sival concepts called entanglement. The existing 
‘quantum algorithms rely heavily on the use of 
‘entangled states. With tunable couplings between 
individual qubits, the design of control pulses for 
even a large set of qubits is relatively straight- 
forward because the system can be divided into 
simall noninteracting blocks. With nontinable cou- 
plings. as in nuckar magnetic resonance quantum 
‘computing. a large fraction of the quantum oper 
ations performed has to be devoted to effective 
decoupling proceatures (8). Recently, several ex- 
periments on coupled superconducting qubits 
have been carried out with both fixed (9-5) and 
mnable (16-18) coupling. Unfortunately, mast 
‘coupling schemes for superconducting qubits are 
efficient only away from the optimal point, which 
results in a shorter coherence time. Thus, realiz- 
ing tunable coupling at the coherence optimal 
bias point is crucial for future scalability 
We studied superconducting fux qubits (19), 
Which are superconducting loops interrupted by 
Josephson junctions. When a magnetic fix ®, 
close to half-flux quantum @y2 is applied 
though the loop of qubit the two lowest- 
‘energy states have the supercurents =f rotating 
in opposite directions. The magnetic energy 
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difference ty = 2pfib, ~ y/2) between these 
states can be controlled via @) The tunnelling 
nergy between the states is Ay. The qubit 
have cigenenergics <wy2, where 
e7}, ax shown schematically in Fi 
Resonant control of qubits is possible by 
at the frequency a, At the flux 
‘optimal point & = 2, the cigenstates are equal 
ns of the cireulating current states, 
and therefore the expectation value of current 
Vanishes. At this point, the quantum coherence is 
found to be far superior (6, 7) 10 the ease Where 
My # 2, bocause doyileh, = 0 and thus the 
sccumulaed quantum phase proportional to the 
time integral of wy is insensitive 1 flux noise 
The natural coupling between qubits 
is via mutual inductance My > 0, result 
the antiferromagnetic coupling Jay ™ Maula 
A collection of 71 qubits can be deseribed by 
the Hamiltonian 


> YS dyotol (yy 


Where of and o/ are Pauli matrices operating 
on gubit j, Owing 10 vanishing persistent 
currents (or the off-diagonal coupling term), 
the coupling only has a wes 
effect at the optimal point (e4 = y= 0) 
‘Ay Ay. is thus easy to decouple qubit 
‘ptimal point. To realize universal two-qubit yates 
(that is, to tum the coupling on), it would be ideal 
40 drive cither the OO)e=11) or the |10}-+01) 
transition, where jf) ae the 1wo-qubit cigenstates, 
This results in a gate equally as efficient as the 
controlled NOT (CNOT). However, simply driv- 
ing the fluxes 4, and 2 with microwaves in 
resonance with such transitions cannot reali the 
ksirad operation because the microwave essen 
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tially couples through single-qubit operators «. 
In general, the comesponding. transitions are for- 
biddden forany value of. athough the eigenstates 
are modified. Different ways to overcome this 
problem are being purwed (20-23) 

Our approach (22) is to couple two qubits 
3) with higher 
‘An. Which results in an effective coupling be- 
tween qubits | and 2 given by 


Fig. 1. Schematic of the ex 
periment, (A) The system con- 
Sisto three fourjunction flux 
qubits. In each qubit, one 
junction is about 0.5 ‘times 
‘smaller than othess. Qubits 
‘Land 2 (with energies Ay and 
‘A2) ate coupled via the kinetic 
inductance ofthe shared loop 
‘edge tothe third. The middle 
qubit with large A is biased 
stightly away from the half- 
flux quantum, whereas qubits 
Land 2 are optimally based. 
The qubits are controlled via 
the fluxes ft), (B) Level 
diagram of qubits 1 and 2. 
Two-qubit operations were 
‘arfed out using microwaves 
at either the sum frequency 
(Qe + Aad or the diference 
frequency (de — Ah. (© 
Scanning electron. micro- 


The coupling can be interpreted as a sum of 
direct inductive coupling Js and indirect cou- 
a the nonlinear ground-state inductance 
2% w/db2)" of qubit 3. Applying a 
jcrowave through the loop of qubit 3 at the 
frequency (Ap = Ay) modulates 1 
results ina tenn proportional 6,6, 
the rotating frame for which the desired wansi- 
tions are allowed. The induced coupling can be 
thus atsibuted wo the paramctic meulation of the 
coupling energy at a microwave fqucney. In the 
Tincar approximation, the two-qubit oscillations 
have the fequency Qy/h = (dis desWeyh, 
where Sey i the amplitude of the microw 
Aeiving applied to gubit 3. This has a maxim 


100) 


‘graph of the sample fabricated by electron beam lithography and shadow evaporation of aluminum 
with 20-nm and 35-nm layer thicknesses. The junction oxidation was done with a mixture of Ar and Op 
(90%4/10%) at 35 mTorr for 8 min. The qubits couple to a four-junction readout SQUID. When a pulse of 
the bias current fy applied tothe SQUID, the probability of switching to the voltage state (monitored via 
Vaa) depends on the state of the qubit system. The on-chip circuitry is similar to the single-qubit 
‘experiment reported in (7), along with a gold bias resistor and a shunt capacitor for the SQUID. The 
measurements were made at temperatures around 10 mK in a dilation refrigerator. 


Fig. 2. Lage-scalespec- 
trum of the three-qubit 
system. (A) Measured 
spectrum as a function 
of flux and frequency (F) 
from 35 to 20 GHz. Blue 
means a low switching 
probability, whereas red 
means a high switching 
probability. The contrast 
is at best about 25%. 
) The black tines indi- 
«ate the theoretical spec 
trum calculated from the 
three-qubit Hamiltonian. 
The parameters obtained 
from the least-squares 


0485 


0495, 
aca 
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around €3 = = Ay2 and vanishes ate =0 and at 
63, >> ds. We focus here on the sum-frequen 
transition (00)—+11). The functioning of the 
tunable parametric coupling is very convenient 
When the microwave at the sum frequency is 
off, the coupling is also off. Viee versa, when 
the microwave is turned on, the couplin 
on, The reduced two-qubit rotating-f 
Hamiltonian 


(3) 


‘where 0 is the (resonant) microwave-induced 
e-qubit Rabi frequency of qubit / and ix 
the mierowave phase, offers full control and ¢ 
in principle be set to zero by tuming off all 
microwaves. 

Figure I describes our experimental setup. By 
using the kinetic inductance of shared super- 
conducting wires, we couple two qubits (Ay <9) 
to a thind qubit with a larger gap Ay. Dino 
‘coupling J is expocted to be small, On the basis 
of a serics of spectroscopic measurements (24), 
‘we know that we can rely on the accuracy 
lithography and have very similar areas (within 

0.5% difference) of qubits | and 2. Therefore, 
‘we have dy = 4. even with a single uniform Mux 
bias, whereas 4 is deliberately offset to have a 

y+ A, Wh 
eb, (> 1.2) isa small offset, To manipulate the 
qubits, We apply microwaves of controllable 
duration via an on-chip microwave fine, During 
the manipulation. with the microwaves that are 
assumed to couple to all Loops, we apply a small 
bias current (a few percent of eritical current) 
through the readout superconducting. quantum 
imerference device (SQUID) 1 fine-tune the 
biases of both gubits 1 and 2 4 be at the optimal 
point. Figure 2 illustrates the measured sp 
trum when the minima of the qubit tran 
frequencies are aligned. Qubits 1 and 2 have 


04850480485 


Of, 


05 805 


fitting are jah = 873 + 13 GHZADo /palh = 705 + 19 GHztD fh = 516 + 35 GHD Ayh = 4.022 + 0.078 GHz, Agfh = 6.915 + 0.075 Git, Ayh = 12.454 + 
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331+ 0.22 mp Jrsh = -0.003 + 0.066 GHz, Jsfh 


1.715 + 0.130 GHz, and Jas/h = 0.482 + 0.171 GHz. 
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sufficiently different gaps as des 
sign of the desired sum-frequency transition is 
also visible, 

‘To show that the coupling scheme is indeed 
tunable and coherent, we have to be able to set 
the rotating-trame Hamiltonian to zero as well as 
to drive the single-qubit transitions in time 
domain regardless of the input state (off) Also, 


‘optimal point of qubits 1 and 2. It is clear that a 
single-qubit transition frequency does. not. de- 
pend significantly on the state of the other. On 
the other hand. we can drive the sum-frequency 
transition as fast as Qr3"™Vh= 23.2 MHz, which 
is obtained with the maximum power we can 
apply with the present microwave source and 
attenuation of our setup. The minimum time for 


wehave to beable to drive, in atime domain, the 
‘wo-gubit transition (on). Figure 3 shows 
micasured examples of this at the combined 


universal gate is given by halfof the perio that 
is, 22 ms. A quantitative measure of the on/off 
ratio is obtained by comparing the maximal 1wo- 


Fig. 3. Examples of 
single-qubit transitions 
‘and the two-qubit opera- 
tion, (A to D) Single-qubit 
Rabi oscillations as a 
function of microwave 
frequency and time with 
different initial states. 
‘At, change in time. (A) 
and (B) illustrate the 
100)-!20) and lO2)~121) 
transitions, respectively, 
both correspo 
‘qubit 1 but with efferent 
initia states of qubit 2. 
Similarly, (C) and (0) 
‘show the 100)-01) and 
|10)--112) transitions of 
qubit 2. We see that 
‘single-qubit resonant fre- 
‘quencies do not depend on the state of the other qubit by more than a couple of megahertz. (E to G) 
Examples of the coherent oscillations of the two-qubit |00)--I21) transitions with three different 
powers, The applied power increases from (E) in steps of 10 dB. The shift of the resonant frequency 
with higher power is qualitatively explained by simulation to be due to cross-coupling of the 
microwave to qubits 1 and 2. The visibility in the readout signal in the case of qubit 1 is about 12% 
and in the case of qubit 2 is about 30%. The sum-frequency transition has a visibility of about 40%. 
However, the readout is not designed to distinguish between the four possible outcomes. For qubit 1, 
the visibility and coherence time are reduced by the presence of an unidentified resonance around 
4.05 GHz. This may be responsible for the change in Rabi frequency for qubit 1 for different initial 
states as well. 


Afortol0> Bjor>wi1> Cjorwr> D [10>10/11> 


109 200300 109.200 
tins) stone) 


Fig. 4. Example of a 
simple quantum pro- 
tocol. The inset at top 
illustrates the quantum 
circuit of the protocol 
for detecting the 4x 
periodicity of the sum- 
frequency gate Usa. 
Here, Reln/2) stands for 
the rotation of a qubit 
‘around the x axis. Apply- 
ing the 12 pulse on 
qubit 2 rather than 
‘qubit 1 is more practical 


‘curve shows the regular 
two-qubit coherent o5- 


cillations. The red curve L] we ined = = 
shows the result of the 
protocol with the extra 7/2 pulses. Both measurements were carried out using the same microwave power 


for the sum frequency. The used microwave frequencies were 10.878 GH forthe sum-frequency transition 
‘and 6.889 GHz for qubit 2. The microwave sources were phase-locked together withthe chopping pulse. 
The oscilation period is doubled in the case ofthe protocol, as expected. 
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ubit oscillation fiequency to the fiequene; 
‘which unwanted coupling takes place. Using a 
Ramsey fringe measurement of the different tran- 
sitions, we find thatthe Hamiltonian in the energy 
cigenbass (and thus the logical rotaing-wave 
Hamiltonian) has a spurious term —(w/2).'62, 
with = 1.23 MHz, which is quite small eom- 
pared 10 the single-qubit frequencies of about 
4.000 Giz and 6889 GHz, Because this term 
results in unwanted phase rotation at the frequen 
ey «/h, we conclude thatthe demonstrated on/of? 


ratio of our coupling scheme fs 2% = 19. In 
addition to the high degree of tunability, the 
coherence properties are quite yood, as charac- 


terized by the relaxation time Ty and the Ramsey 
dephasing time 7," Qubit 2 has about 7; 
1.0 ys and 73" = 0.8 ps, whereas qubit 1 has 
T,= 03 ps and 72° = 0.2 ps, The lifetime of 
the state 11) is limited by qubit 1, and 
TP = 02 is for the sum-fhequers 
sition. The reduced coherence time of qubit is 
caused by a resonance close by. The fitct thatthe 
resonant frequency of the two-qubit transition is 
reduced at large driving amplitudes can be une 
derstood from simulation as the effect of une 
‘wanted coupling ofthe microwave to qubits 1 and 
2 (6, 25), which is unavoidable in the present 
ssumple design, 

As futher proof of the functioning of the 
scheme and the good coherence propertics 
combined with a high onioff ratio, we have 
demonstrated a simple multipulse quantum 
protocol related to quantum coin tossing (26), 
‘One application of quantum coin tossing fs 10 
store classical information ina way’ that ix 
immune to certain types of intervention and 
noise. For example, if one stores classical bits on 
cigenstates of then these bits ane immune 19 
the action of a maticious quantum hacker who 
‘breaks into one’s quantum computer and flips bits 
about the x avis: Because of the coding, the 
hacker may think he or she is flipping bits but is 
in fact only applying a global phase to cach bit 
Gur protocol is complementary to this: We detect 
the presence of a classically benign hacker, who 
performs an operation whose sole elfect is 10 
multiply certain logical states by a phase. Sueh a 
phase is classically undetectable: The operation 
of the benign hacker on classical bts is to apply a 
sslobal phase. Quantum-mechanicaly, howev 
‘one can detect this hacker by using superpesition 
and entanglement. Figure 4 shows the per 
farmance of the protocol 

Dariving tthe sum-frequeney transition induges 
the unitary gate Um = exp| BKO,'a2 y's"). 
‘where @ i varied by the microwave duration 
‘When 0 = x, the gate is equivalent to the double- 
NOT (or the ISWAP) up to single-qubit rota- 
tions. Thive applications of this wate sutlice to 
generate any two-qubit wate when supplemented 
by single-qubit gates (27), AtO = 2r, the wate 
diagonal with the entries (-1.1.1.-1), and if the 
input state is an cigenstate, the resulting oscilla 
tion thus has a 2x period. But the underlying 
period is actually 4x, which can be revealed 
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using superposition states. We do this by apply 
ing a x/2 rotation on qubit 2 before and after 
the application of Usam The experimental con- 
fimmation of this purely quantum-mechanical 
ceffget is shown in Fig. 4, where we see that the 
‘oscillation frequency i halved and phase-shified 
\when x7 rotations are used. There is no analogy 
for this effect for a single qubit, because there 
the phase is just global and undetectable. The 
measurement result demonstrates the familiar 
‘quantum fit that you have to rotate by 4, not 
2r, to yet back to where you started and is clear 
evidence of the entanglement inherent in the 
correlations between the qubits during their 
time evolution 

‘Our experiments demonstrate that the tunable 
‘coupling between flux qubits can be realized en- 
Lirely using the application of microwaves at the 
‘coherence optimal point, which is very impor 
tant for sealability. This indicates that parametric 
couplers are strong candidates: as fundamental 
building blocks of gate-based quantum com 
puters, but optimization of the scheme requires 
further study. We expect the coherence time of 


tunably coupled qubits to reach the same level as 
that of individual optimized qubits when, for ex 
ample, independent readouts allowing for bias 
‘optimization (6, 7) are combined with this cous 
pling seueme ina future device 
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Beating the Standard Quantum Limit 
with Four-Entangled Photons 


Tomohisa Nagata,’ Ryo Okamoto,** Jeremy L. O’Brien,™* Keiji Sasaki, Shigeki Takeuchi*?* 


Precision measurements are important across all fields of science. In particular, optical phase 
measurements can be used to measure distance, position, displacement, acceleration, and optical path 
length. Quantum entanglement enables higher precision than would otherwise be possible. We 
demonstrated an optical phase measurement with an entangled four-photon interference visibility 
‘greater than the threshold to beat the standard quantum timit—the limit attainable without 
‘entanglement. These results open the way for new high-precision measurement applications. 


‘uantum metology involves using quan- 
tum mechanics t realize more precise 
‘measurements than can be achieved with 
classical methods (/). The canonical ex- 
“ample uses entanglement of V particles to mea- 
sure a phase with a precision A@ = 1/N—the 
Heisenberg limit. Such measurement outper- 
forms the A = 1/ VN precision limit possible 
‘with.’ unettangled particles —the standard quan 
tum limit (SQL). Progress has been made with 
trapped ions (2-4 and atoms (5, 6), while high- 
precision optical phase measurements have many 
important applications, including microscopy. 
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_gravity-wave detection, measurements of material 
Propertics, and medical and biological sensing. 
Akhough a reduced de Broglie wavelength (7) 
has been reported for three (8) four ¢9 10), and 
even six (//) photons. the SQL has been beate 
‘only with two photons (12-16). 

We demonstrated an entangled four-photon 
phase measurement with a visibility that exceeds 
the threshold to beat the SQL. We used an ul 
trastable displaced-Sagnac implementation of 
a scheme with a high intrinsic efficiency to 
achieve a four-photon interference visibility of 
91% We also demonstrated that measuring a 
reduced de Broglie wavelength does not mean 
‘beating the SQL, in another experiment that 
shows high-visibility multiphoton fringes, but 
‘cannot beat the SQL. The high-precision multi- 
photon quantum interference demonstrated here 
is key, not only to quantum metrology and quan- 
tum lithography (/4. 17. 18), but also to other 
‘optical quantum technologies. 

The Heisenberg limit and the SQL can be 
illustrated with reference 10 an interferometer 


(Fig, inset) (19-23), We represent a single pho 
ton in mode a and no photons in mode b by the 
«quar state 10). flr the frst beam split, 
this photon is in @ quantum mechanical super= 
position of being in both paths of the interfer= 
meter: (10)ey * O1)adV2. This superposition 
evolves to the state (10)ay + e*O1).iV'V2 after 
the 9 phase shift in mode d, Aer recombin- 
ing atthe second beam splitter, the probability 
of detecting the single photon in mode is Py 
(1 60s 9)2, which can be used to estimate 6. I 
‘We repeat tis experiment V times, then the une 
certainty in this estimate is Ag = 17 VN-—the 
SOL If instead we were able to prepare the 
‘maximally entangled N-photon state (AD) * 
ON)qa'V2 inside the interferometer, this state 
would evolve t0 (NOay + EON) V2 after 
the @ phase shil. From this stale we could es 
timate the phase with an uncertainty 9 » 1/N- 
the Heisenberg Himit—an improvement of V/ 
over the SQL Beating the SQL is known as 
phase supersensitivity (8, 1). 


The No dependence of the phase of the max- 
mally entangled state (NO) * ON))/V72 is a 
‘manifestation of the N-photon de Broglie waye- 


length 2. This dependence can give rise to an 
interference oscillation .V times faster than that of | 
single photons —phase superesolution (8, 12). 
Observation of this reduced de Broglie wave- 
Jength has sometimes been interpreted in the 
context of beating the SQL. However, it has 
been shown recently that high-visibility (24) 2/NV 
resolution can be observed with a purely clas- 
sical system (J), This demonstrates that phase 
superresolution by itself does not guarantee a 
quantum-mechanical advantage. Rather, phase 
supersensitivity, or beating the SQL, is the most 
important criterion, 
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If we put a single photon in each input of 
the interferometer in Fig. I(inset), I1)an. the 
after the first beam splitter is (20\y * 

72; quantum interference of the two- 
photon amplitudes cancels the |I1)qy term 
the Hong-Ou-Mandel (HOM) effect (25). This 
state evolves 10 (20) * (7°02),u) V2. The 
probability of detecting two photons in the 
modes ¢ and f, after the second beam splitter, 
is then Py = (I~ cos 29)/2, which shows 
both phase superresolution and phase super- 
sensitivity, 

Unfortunately, this behavior does not gen- 


crate olangsr photon number: Ir we input 22) 
ate after the first bean splitter is: 
Villa0y, + lo4d,)/v2 + "Aal22), (1) 


where quantum interference cancels the 31)y 
and 13)qq tems (26, 27), but the unwanted 22). 
term remains. However, after the second beam 
splitter, only the 40),y and O4).y tems wive rise 
to B1)yand 13) terms. This isthe buss for our 
experimental scheme (28): The probability of 
datecting three photons in output ¢ and 1 in fis 


Pry = Ya (08 4992, which shows phase 
superresolution, 
Using state (1) rather than (40}ur * Oi v2 


means that our method, like those used previous 
|y, can only usea ffaetion of the initial photons i 

by the intrinsic efficie 
cos N9)2. To beat the SQL we 


Ml 
therefore need to obtain a precision better than 
Vin/N. Because the precision of N-photon 
interference with a visibility V (= 1) is WEN, 
the SQL is beaten for experimentally achieved 


Visibilities above the threshold Hy = 1/ VN 
{compare 10 (17). in our ease (ry= 3/8, N= 4), 
Vy 2/3 = 81.6% Even though most ofthe 
photons puss through the interferometer with 
‘detection event, this scheme 
SQL, because Hy < 100% Note 
that a scheme with Hq > 100% can never beat the 
SQL even with unity-eicieney photon sources 
and detector 

The existence of Py highlights the nocd for 
achieving high-visibility. multiphoton interfer. 
fringes. Our scheme requires two quantum 
imerfacnce and two clsicabinterferense conditions 
for multiphoton states to be met simultancously. in 
a highly time-stable configuration. Therefore, we 
have designed the intrinsically stable displaced 

perimental architecture shown sehemat- 

lyn Fig. 1 

To test the performance of our four-photon 
interferometer, we used pulsed spontancous 
parametric down-onversion to produce the 
four-photon input state (see legend to Fi 
This source produced not only 22) (2.8 » 10 per 
pulse), but also 11), (1.7 * 10? per pulse) states 
However, 11) states donot contribu tothe four 
photon coincidence detection. The 33) compo- 
nent (4.7 10°) is two orders of magnitude 
‘smaller than |22), 
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Theabove discussion requires that the four- 
photon input state be 22),y—four photons in 
two spatial and one temporal mode—and not 
11D ewasie four photons in two spatial and 
two temporal modes—ie, the two photons in 
cach mode must be indistinguidable (/6, 29-31), 
We have developed a technique for diferentia- 
ing these two four-photon states using a multi- 


photon quantum interference generalization of 


the HOM eflect: Ifthe state 22), i input onto a 
30:50 beam splitter, the probability of detecting 
two photons in cach output is 8; whereas for 
UDewama the probubility is "5. I there és no 


‘quantum interference, the probability is. for 


Fig. 1, An optical interferometer for 
beating the SQL. (Inset) A schematic 


(tain paned A schematic of ‘the 
intrinsically stable displaced-Sagnac 
architecture used to ensure that the 
‘optical path lengths in modes ¢ and d 
are subwavelength (nm) stable. A 
frequency-doubled 780-nm fs-pulsed 
laser (repetition interval 13. ns) 
pumps a type | phase-matched beta 
barium borate (BBO) crystal to gen- 
erate the state 122)op via spontane- 
‘ous parametric down-conversion. 
Interference filters (not shown) with 
a 4mm bandwidth were used. The 
Photons are guided via polarzation- 
maintaining fibers (PMEs) to the 
interferometer, which has the same 


REPO! 


both four-photon input states. As we scan the 
relative delay Ar between the arrival time of the 
photons, we move from a regime where 
Ar) >> O, and there is no quantum interference, 
through Ar = 0, where quantum interference 
‘occurs, From the observed data (Fig. 2), we find 
that the ratio of the coincidence rate at A’ = 0 10 
that at Xr) >> 0 is *4, consistent with the ratio 
of % to "/, indicating that our sou 
almost purely 22)q supporting online text), 
Figure 3 shows the key experimental results 
of this paper. First, we confirmed the high- 
visibility classical operation of our interferometer 
by inputting single photons in mode a 10), and 


818° Minor 


function as the MZ interferometer in the inset. A variable phase shift in mode d is realized by changing 
the angle ofthe phase plate (PP) in the interferometer. Photons are collected in single-mode fibers (SMFS) 
at the output modes and detected with a single-photon counting module (SPCM, detection efficiency 60% 
at 780 nim) in mode f and three cascaded SPCMs in mode e. 


Fig. 2. Muitiphoton interference at a 
50:50 beam splitter demonstrating 
four-photon indistinguishabitty. The 
coincidence count rates of detecting 
‘wo photons in each output of the 
beam spiter are recorded as a func- 
tion of the optical path delay. The 
ratio of four-photon coincidence 
counts at delay time At = 0 to that 
at Lari >> 0 is important in order to 
distinguish the state [22)q from 
1111 ergo (see text and support- 
‘ng online text. The theoretically ex- 
pected coincidence rate for I22)a5 at 
At = 0 (red line, ower) based on the 
average count rates at Lil >> 0 
black dashed line, middle) agrees 
well with experimental data (Gots). 
This result indicates that our source 
almost purely generates |22)ay. The 


Four-photon counts (900 s"') 


dashed blue line (upper) is the theoretically expected coincident rate for 1111) rope. Error bars in 


2 to 4 show +\ counts. 
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3. Beating the SOL with four- 
entangled photons. (A) Single- 
photon count rate in mode eas a 
function of phase plate (PP) angle 
single-photon input |10)».(B) 
Tworphoton count rate in modes e 
and f for input state |11)4p. () 
Four-photon count rate of three 
photons in mode e and one photon 
in mode f for the input state 122)... 
‘Accumulation times for one data 
point were (A) 1s, (B) 300s, and (C) 
300s, 


Fig. 4. Demonstration of reduced 
de Broglie wavelength without 
beating the SOL. We prepare 
distinguishable photon inputs by 
changing the arrival times of the 
photons at the input to the in- 
terferometer andor changing the 
detection window, (A) A single 
photon (classical) interference 
fringe provides a reference period. 
{B) Two photons are input into 
‘modes a and b at times t and f' 
where Sx = t'— ts lager than the 
coherence time of the photons: 
I.1 ye: Two-photon count rates in 
mode e are shown with a gate 
timing window lager than &. (©) 
Four-photon coincidence events 
showing phase superresolution 
with two independent I11}qy in- 
pats ILL yy We collected 
the I11}e coincidence events that 
‘occurred within 200 ns (15 putes) 
after 2 120)qy event was detected 
for an accumulation time of 300 5, 
The count rate per pulse was cal 
culated by including the reduced 
detection efficiency of the setup. 
‘Accumulation times for one data 
point for (A) and (B) were 1.5. 


2-photon count rate (Hz) 1 photon count rate (Hz) 


‘4-photon count rate (Hz) 


rate (Hz) 


1 photon count 
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detecting the rate of single photons measured in 
mode €; we observed an interference fringe with 
high visibility (98 = 0.5%) as a fimetion of the 
‘optical phase in mode d (Fig, 3A), Next, we input 
pairs of photons |I1}x4 and measured the rate of 
two photons detected in modes e and f: again, we 
observed a high-visibility fringe (6 ~ 1%), but 
with half the period of that observed for sin 
photons (Fig. 3B), This visibility is greater th 
the threshold to beat the SQL (Vy = 1 V2) 
Finally, we input the state 22), and observed the 
rate of detecting three photons in mode e and one 
photon in mode /; as described above; again, we 
observed a high-visibility fringe (V’= 91 © 6%), 
but with a period one-fourth that observed for 
single photons, demonstrating a four-photon de 
Broglie wavelength (Fig. 3C). More important, 
the fringe visibility is greater than the threshold 
Vay ™ 2/3 = 81.6% to beat the SQL. 

The distinction between a reduced de Brog! 
Wavelength (phase superresolution) and beating 
the SQL (phase supersensitvity) has been de- 
scribed above, An important illustration of this 
distinction is provided by comparing Figs. 3 and 
4: Fig 4 shows a nworphoton de Broglie wa 
Jength 42 (B) and a fourphoton de Broglie 
wavelength 1/4 (C), via high-visibility (F?= 87 
1% and I» 87 © 5% respectively) interference 
fringes, but cannot demonstrate phase measre- 
‘ment below the SQL, In this ease, we have used 
cexaely the same experimental setup as before, 
‘but have intentionally used distinguishable pho- 
tom inputs (see the legend to Fig. 4) In Fig. 4C, 
We use the input state TT Dyyeaave described 
above. In this ease, the probability of detecting 
three photons in mode e and one photon in mode 
Fis given by Prey = '/a (1 ~ c0stoy2, which still 
shows a 49 dependence on phase. However, 
because the intrinsic ef 
scheme can never show a phase sensitivity 
below the SQL: y= V2. For Fig. 4B, the input 
is 1)aie and the probability of detecting two 
photons in mode ¢ is Py, = “ill ~ cos 29)2, 
‘which shows a 26 phase dependence, but again 
suc scheme cannot beat the SQL because Hy 
V2. Note thatthe reduced count rates in Fig. 4, B 
and C, relative 10 Fig. 3, B and C, eomespond to 
the reduced n,' 

Our results point towand the ultimate sensi- 
tivity for optical measurements. To test the pe 
interferometer, we 
low-elliciency source and 
modesteflicieney detectors, Which means that 
many more photons pass through the interferom- 
ster than lead 10 a four-photon detection event 
For applications (such as biological sensing) 
‘which photon flux is important, higher-eflicien 
sources might be realized with single 
sources and a HOM interferometer as a heralded 
two-photon source. and high-efficiency 
resolving visible-ight photon counter 
‘would markedly improve detection efficiency. 
Future possible applications of ultahigh-precision 
phase measurements range from cosmology to 
medicine. 
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Germanium Nanowire Growth 
Below the Eutectic Temperature 


5. Kodambaka,* J. Tersoff, M. C. Reuter, F. M. Rosst 


Nanowires are conventionally assumed to grow via the vapor-tiquid-solid process, in which material 
from the vapor is incorporated into the growing nanowire via a liquid catalyst, commonly a low— 
melting point eutectic alloy. However, nanowires have been observed to grow below the eutectic 
temperature, and the state of the catalyst remains controversial. Using in situ microscopy, we showed 
that, for the classic Ge/Au system, nanowire growth can occur below the eutectic temperature with 

cither liquid or solid catalysts at the same temperature. We found, unexpectedly, that the catalyst 
state depends on the growth pressure and thermal history. We suggest that these phenomena may 
be due to kinetic enrichment of the eutectic alloy composition and expect these results to be 


relevant for other nanowire systems. 


are promising. candidates for applications 
nanoelectronics, optoelectronics, and sen 
sors (/-f). Progress in designing more complex 
tues, stich as branched or compositionally 
modulated wires, requires a clear understanding 
‘of nanowire growth mechanisms. Nanowires are 

ly assumed to grow via the vapor- 
Tiquid-solid (VLS) process (5), in which material 
from the vapor is incorporated via lguid cat- 
ly a low-melting point eutectic 
lin many important. semiconductor 
2. SVAL (6) SiCu (7). SITE 
AVAu (5-18), and 


Sen semiconducting nanowires 


(8), GeiAu (9-14), C 
InAsAu (15, 19, 20), nanowire growth ean 
‘occur below the bulk eutectic temperature Te 
The state of the catalyst remains controversial, 


bout it 
‘uence growth kinetics, orientation 


important because it is expected to in- 
anal momphol- 
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‘ogy. Most importantly, because interface forma- 


tion in 


ostructure nanowires depends on 


diffusive processes through the catalyst, the 


atalyst state is also expected to determi 


face sharpness. Post-zrowth analyses have 


yiekled contradictory conclusions regarding the 


talyst sta 


he existenc 


speculations include 


‘of a liquid catalyst below 7; (/7) stabilized by 
nanoscale size effects (20) and growth via a 


Fig. 1. (A to ©) Bright- 
field TEM images show- 
jing the solid-to-liquid 
and liquidhto-solid tran- 
sitions in a Au-Ge cata- 
lyst particle at the tip of 
Ge wire during cooling 
‘and heating, acquired at 


times t = 0's (A), 328 5 
(B), and 897 s (O, respectively. (D) The sample temperature versus time and catalyst state (open circle, 


liquid; open square, solid) are shown. The letters “A, 


vapor-solidsofid (VSS) mechanism (8, 9) with 
a solid catalyst. Using in situ microscopy, we 
show for the classic Ge’ Au system that catalysts 
«an be cither liquid or solid below 7, depending 
‘on thermal history. Moreover, nanowires grow 
broth eases (ic, both VLS and VSS processes 
though at different rates, Unexpectedly, 
st state depends on Geally pressure 
tration of 
growth provess 
ilizing the liquid 


appears to be essential in st 
below Te 

Ge wire growth experiments Were carried 
‘out in: multichamber ultrahigh vacuum system 
hase pressure, 2 = 10°! Torr) based around a 
transmission electron microscope (TEM) with in 
situ physical and chemical vapor deposition fi- 
cilities (22), Si(111) substrates were loaded imo 
the TEM and cleaned by heating resistively 10 
1250°C. After cooling, a 2- to S-nm-thick Aw 
film was evaporated onto the polished surface 
The sample was vacuum annealed at ~400°C 
for $ min, allowing the Au film to agglomerate, 
and wire growth was initiated by cooling to the 
growth temperature and leaking in a 
ture composed of 20% GesHy and 80° 
‘The temperature yersus heating current curve 


"8," and “C” refer to the images in the respective 


panels inthe igure. We initiated wire growth by fit heating to above 7, (361°O and then cooling to To 


~335°C while maintaining 2 constant digermane pressure of 1.6 x 10 


Torr. After a period of growth, 


the sample temperature is reduced to 255°C, at which point the catalyst solidifies (B). On heating, the 
‘catalyst does not melt until 435°C, after which the temperature is returned to 335°C (O). 
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\was calibrated post-growth for each specimen, 
with the use of both pyrometry and a thermo- 
couple mounted on the specimen’s back surface. 
This procedure allows us to estimate the sub- 
strate temperature To to within $0 K, and rela 
tive changes in temperature in single experiment 
cean be determined more accurately. 

In the pressure range accessible in our in sit 
system (Cieql pressures between 10°7 and 10° 
Tom), we typically observe sustained growth of 

UD-oriented Ge wines at temperatures in the 

250? 10 400°C range. Under these conditions. 
most wires grow perpendicular to the subst 
and are imaged with the eleetron beam per 
dicular to the wire axis (2/), Bright-fielt and 
dark-field imaging show that the wires are 
epitaxial, single-crystal, and are bounded by 
smooth sidewalls. Furthermore, by the acquisi- 
tion of video images at 30 frames per second, 
surowth kinetics. for individual wires. can be 
measured. 

Figure 1 shows a series of brightfickd im- 
ages of a single Ge nanowire during growth at 
constant Geglly pressure as the temperature is 
varied. Th Fig. 1A, at To = 335°C 
typical of wire growth by the VLS process. The 
tip is composed of a Au-Ge eutectic droplet with 
@ smoothly curved surfice. Upon cooling 10 
lower temperature, in this ease ~106 K below 
Te 361°C, we observe abrupt solidification of 
the drop indicated both by the facetted 
(Fig. 1B) and by the dark-fick! contrast 
(fig. SI), We also see an abrupt inerease (within 
Video fame) in the length of the wire, 
indicating that Ge is coming out of solution as 
the droplet solidifies, as expected. On increasing 
the temperature again to the original value 7p 
\we find thatthe solid particle does not transform 
brick into liquid. Reestablishing the Hiquid phase 
requires & temperature well above Ty (Fig. 1. 
However, once the liquid has re-formed, upon 
cooling to To, we return to VLS growth with the 
same growth rate as initially observed. This 
hysteresis in the solidliquid) phase transom 
tion is seen in all our Ge growth experiments 
and for wires with ‘of diameters (20 to 
140 im), 

Hysteresis with temperature is normal for 
first-order phase transitions and is likely 


in these experiments. However, close inspection 
‘of video images such as those in Fig. 1 shows 
that the wires continue to grow even aller the 
catalyst particle has solidified 

This VSS growth process is illustrated in 
Fig. 2. Figure 2A shows a Ge wire at three 
successive times during VLS growth at 340°C 
and 4.8 * 10° Tom Gest. In this experiment, 
We initiated wire growth ~78 min before 
acquiring the first image at time ¢ = 0. After 
cooling the n 10 solidify the catalysts 
and then reheating to 340°C, all at constant 
Gealle pressure, we observed wire growth to 
continue with solid catalysts (Fig. 2B), Mea- 
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is made on several wires show that 
VSS zrowth is 10 t0 100 times slower than VLS. 
growth at the same Geatls pressure and temper- 
‘ature, presumably as a result of weaker surface 
reactivity and/or lower diffusivity through the 
solid, We can obtain prolonged wire growth by 
cither VLS or VSS mechanisms at identical 
temperatures and Gegll, pressures, dependin 

(via hysteresis) on the thermal history of the 
sample. We have actually seen VLS and VSS 


12 Wires in some instances. All the wines, 
imespective of the growth mode, are crystal 
and the only obvious difference between the 
wth modes is that the VSS provess yields 
more tapered wires owing to their relatively 
slower growth rates. This demonstration of dual 
growth modes muy be relevant to the contro- 
Versy regarding the role of VSS and VLS 
growth in other systems (6, 16-20), 

‘We also find that GegH, pressure can be as 
important as temperature in controlling the 
growth mode. Indeed, a substantial Gest, 
Pressure appears to be essential for stabilizin 
the liquid state below Tq. Whenever the Gegtly 
pressure is reduced during VLS growth, we find 
lyst droplets solidify. The fact that 
the dropkts can solidify confirms that the 


Fig. 2. (A) Series of images of a single Ge wire 
acquired at times t = 0, 309, and 618 s (from 
left to right, respectively) during growth by the 
VIS mechanism at 340°C and 4.6 x 10 Tort 
Ge. The background features act as markers, 
showing a growth rate of 9.9 x 10 nmis. (B) 
‘Another image series for a second wire growing 
at the same temperature and pressure but with 
a sold catalyst at t= 0, 1340, and 1824 s (from 
left to right, respectively). The growth rate for this 
VSS mode is 1.3 x 107 nmis. 


The role of Gestly pressure (ic. growth 
rate) in the nanowire growth mode is illustrated 
in Fig. 3A. The first image (Fig, 3A, left panel) 
shows two Ge wires after 3 hours and 24 min 
of stable VLS growth at 48 * 10 Tom The 
Geall, pressure was then reduced 10 86.» 1077 
Torr while a constant temperature was maine 
tained. Within 106 s the droplet on the narrower 
wire abruptly solidifies (Fig. 3A, midlle pane, 
while the droplet on the wider wire solidifies 
Inter (Fig. 3A, night pane. This behavior his 
boon verified for larger samples of wines. Figure 
3B shows the catalyst state versus wire diameter 
in one experiment at an intemnediate time, The 
reduction in GegHle pressure eauses all the drop 
lets to solidify, although there ean be 
delay of several minutes, with the smaller drop 
as solidifying carl, (The exact time delay 
trewweon smaller and larger droplets depends on 
the growth history and in some eases: Were as 
Jeng as 20 10 60 min 


(nm) 


Fig. 3. (A) Representative bright-feld TEM image 
series showing the solidification of Au-Ge catalysts 
‘ontop of two Ge wires (29 and 34 nm in diameter) 
when the pressure is reduced during growth at 
constant temperature. We carried out wire growth 
at 350°C using 4.8 x 10° Torr GesH for 3 hours 
24 min (left paned, after which we reduced the 
pressure to 8.6 x 10°? Torr. After 106 s, the cat- 
alys in the narrower wire solidified (middle panel) 
and, after a further 283 5, the catalyst on the wider 
wire solidified (right paneD. (B) Histogram show- 
ing the diameter dependence of the catalyst state 
at a fixed time after reducing the pressure. Wire 
growth is carried out at 8 x 10°* Torr and 355°C 
for 2 hours, At this time, the GesH, pressure is 
reduced to 5 x 10”? Tort; no change observed 
after 15 min. The GegH, supply is then switched 
off (leaving a background pressure of 6 x 107° 
Tort, and the state of the catalysts on 56 wites is 
recorded after 14 min. Wires with diameters (df) 
less than 70 nm have solid tips, whereas the tips 
of those with diameters larger than 80 nm are 
still Liquid. 
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Au-catalyzed growth of Ge wires below Te is 
generally assumed to occur by a VLS process 
(i.e. via a liquid catalyst) (9, 11-14). The ex- 
istence of a liquid alloy phase below T. has 
been attributed to nanoscale size effects and, in 
ppanicular, to a lowering of the droplet eutectic 
temperature to below T- by the Gilbbs-Thomson 
efloet (/4), This picture naturally leads to @ de 
pendence on size but does not directly involve 
growth pressure or growth rate, 

Nevertheless, the fact that Gey 
affets the droplet 
4 Gibbs-Thomson effect, because pressure coukd 
influence surface enengies (lor example, through 
changes in hydrogen coverage). In sit imaging 
allows us to examine the effect of Gest pres- 
sure on surface enengies. Any change in surfiac 
‘energies will modify the force balance at the tri- 
pile phase line and, hence, the steady-state drop 
Tet shape and wire diameter (24). We therefore 
measured the shapes of droplets during: wire 
growth asa fanction of Gel pressure. Figure 4 
is a typical plot of droplet heights and hase 
diameters for an individual wire, as the pressure 
is varied repeatedly between higher and lower 
values. Akhough the changes are small, we find 
consistently that when the Geglle pressure 
decreased, the droplet height decreases while the 
droplet diameter increases. Clearly, the droplet 
shape is varying with Geglle pressure, suggest- 
ing. that there are observable changes in surface 
‘energy with pressure, 


d(nm) P(10*Torr) 
ye 


h(nm) 
RSELRR 


Fig. 4. The shape of a single droplet on a 59- 
rim-diameter Ge wire as a function of pressure, at 
4 constant temperature of 355°C. GesHs pressure 
P (blue curve), droplet base diameter or nanowire 
diameter d (ted curve), and droplet height 
(black curve) are plotted versus deposition time t 
as P is cycled repeatedly between 1.9 x 10 and 
8.4 * 10 Torr. The measurements are taken 
from a video sequence of bright-field images, 
with f defined as the maximum normal distance 
from the drop boundary to the solid-tiquid 
interface and with d defined as the width of the 
solid-liquid interface. 
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Ifthe Gibbs-Thomson effect were stabilizing 
liquid-phase catalysts at temperatures below To, 
we would expect that droplets on narower 
wires would be more resistant to solidification, 
In contrast, we observe that smaller droplets so- 
Tigify sooner than larger ones, as in Fig. 3, This 
diameter dependence of solidification suggests 
that the principal cause of VLS growth below T. 
is probably not the GibbsThomson effect or 
any direct effect of small size. 

‘Why then docs the liquid phase persist be- 
low 72? Some degree of undercooling is normal 
and may become more extreme at the nanoscale, 
‘but that does not explain the observed depen- 
dence on Gezlly pressure and diameter. We can 
rule out a dependence of the wire tip temper- 
ature on the wire diameter {via thermal conduc 
tivity (25)] oF on the Gealle pressure [via the 
heat of reaction (9): For wires with lengths <2 
Jum aid for low pressures (107 to 10°* Tom), 
both of which are typical in our experiments, 
We do not expect any appreciable Variation in 
the tip temperature from these eflects (26, 27), 
Electron beam-induced temperature changes, 
ifany, are small and are about the same for all 
wires being imaged simultancously; ene: 
such changes should not affect the diameter 
dependence. 

‘We suggest instead that the liquid phase may 
be effectively stabilized against solidification by 
(Ge supersaturation, which arises from the growth 
process. Solidification requires some unleroook 
ing to overcome the nuckeation barrier for a new 
phase. Here, crystalline Ge is already present 
The key step for solidification is nuckeation of a 
solid Au particle, and this step controls the 
degree of undereooling. Once Au mucleates, the 
liquid solidifies abruptly, with Ge coming out of 
solution and incorporating into the wire within a 
single video frame, as discussed earlier with ref- 
ference t0 Fig. 1. Thus, the question to be ad 
dressed is why Au nucleation depends on Gest 
pressure, 

By analy with Si nanowire growth, we 
expect that the rate of dissociative adsomption 
Of Geglly at the droplet surface rises linearly 
With GegHly pressure (2/), Then, the supersal- 
uration of Ge in the droplet must rise until 


Fig. 5. Au-Ge binary alloy phase 1200 
diagram [after (29)]. The solid 


‘green and blue curves are the Au 


phase results in a ~40 K drop in 
the solid Au nucleation temper- 
‘ature, as shown by the red dot. “L" 
denotes liquid. 


and Ge liquidus lines, respectively. 1000 
The dashed green curve is the 2 
extension of the Au liquidus line 800. 
below 7: Au nucleation cannot oc: & 
‘cur above this line. A 1% increase i 
in Ge supersaturation in the liquid E ae 


REPORTS | 


the rate of incorporation from the liquid into 
the wire equals the rate of arival of Ge from 
the vapor. However, the liquid-solid interface 
is a nanoscale (111) facet, s0 incorporation 
requires continuous nucleation of steps. which 
is difficult because of the small facet area 
(24) and the high step energy expected for 
(111), Therefore, even a modest growth rate 
in this system may require an anomalously lange 
supersaturation. 

Such a Ge supersaturation inhibits nucleation 
of solid Au. This can be seen by referring to the 
phase diagram (29) in Fig, 5, where the “V" 
shape of the liguidus arises as follows, At a 
temperature T, solid Au is unstable inthe 
presence of a liquid that is more Ge-tich than 
composition a7). Similarly, solid Ge is 
‘unstable with a Hiquid that is more Aurich than 
coalT). Above their crossing point at Tq. these 
lines correspond to the liquidus, defining a 
region where neither solid is stable, As dle 
cussed above, for our growth conditions, 
solidification occurs by nucleation of solid Au; 
apparently, nucteation of solid Ge inthe fiquid is 
kinetically excluded. Therefore, solidification 
can only occur in the region where solid Au ix 
stable, below the curve equ 77) shown in green 
in Fig. 5. Under Ge-rich conditions, this curve 
goes below J, (dashed portion of green line) 
(We also expect some undercooling with respect 
to this eurve, but we do not speculate about its 
magnitude.) 

This mechanism could also. explain why 
narrower wires solidify first. When the Gel 
pressure is lowered, the supersaturation begins 
to decrease as excess Ge is incorporated into the 
‘wire, either atthe grovvth fet or by diflsing to 
the sidewall (30), This Ge loss occurs at a rate 
that scales with cross-sectional area or circum 
ference of the wire, whereas the amount of ex- 
cess Ge scales with droplet volume, so the time 
scale for the loss of supersaturation increases 
with increasing wire diameter, explaining the 
observed trend. 

The most speculative point is whether the 
Ge supersaturation can be quantitatively: large 
ough to account for the observations. We es- 
timate that a 1% increase in Ge concentration 
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can lower the Au nuckation temperature by 
roughly 40 K, and a 4% increase in Ge might 
stabilize the liquid phase against Aw nucleation 
at temperatures as low as 260°C. Such lar 
kinetically driven supersaturations are not 
expected in typical macroscopic systems but 
become increasingly likely in strongly faceted 
systems as they shrink to the nanoscale (28, 37). 
The degree of supersaturation would increase 
with growth rate, which could explain the suc- 
cessful growth of Ge nanowires at temperatures 
as low as 260°C in conventional chemical vapor 
deposition, where the growth rate is far higher 
than that in our experiments, 

In conclusion, we have shown that during 
the growth of Ge wires using Au, the catalyst 
state may be either solid or liquid below Te, with 
the state depending not just on temperature but 
also on Gest, pressure and history. Nanowire 
sgrowth continues regardless of the state the cate 
alyst isin. In other words, both VLS and VSS 
processes ean operate under the same conditions 
to grow Ge wires, A substantial GeaHy pressure 
is essential for growth via VLS below T,. We 
Propose a possible mechanism for the existen 
‘of a Tiquid catalyst at these temperatures, which 
is consistent with the observed dependence on 
Geall pressure and wire diameter, These results 
demonstrate that source yas pressure, though 
rally not considered a key factor, is actually 
al in determining the growth mode. The 
role of growth pressure and history may be 
relevant to controlling nanowire synthesis below 


Tz and to resolving the controversy surrounding 
the catalyst state in other materials systems. 
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Synthesis of Tetrahexahedral Platinum 
Nanocrystals with High-Index Facets 
and High Electro-Oxidation Activity 


\Na Tian,* Zhi-You Zhou,? Shi-Gang Sun,’* Yong Ding,? Zhong Lin Wang** 


The shapes of noble metal nanocrystals (NCs) are usually defined by polyhedra that are enclosed by 
{111) and (100) facets, such as cubes, tetrahedra, and octahedra. Platinum NCs of unusual 
tetrahexahedral (THH) shape were prepared at high yield by an electrochemical treatment of Pt 
rnanospheres supported on glassy carbon by a square-wave potential. The single-crystal THH NC is 
enclosed by 24 high-index facets such as (730}, {210}, and/or (520) surfaces that have a large 
density of atomic steps and dangling bonds. These high-energy surfaces are stable thermally (to 
800°C) and chemically and exhibit much enhanced (up to 400%) catalytic activity for equivalent Pt 
surface areas for electro-oxidation of small organic fuels such as formic acid and ethanol. 


erally, catal formance of nano- 
etystals (NCs) can be finely tuned either 
by their composition, which mediates 
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electronic structure (/, 2), oF by their shape, 
which determines surface atomic arrangement 
and coordination (3, 4). Fundamental studics of 
single-crystal surfaces of bulk PL have shown 
that high-index planes generally exhibit much 
higher catalytic activity than that of the mast 
common stable planes, such as {111}, $100}, 
and even {110}, because the high-indes planes, 
have a high density of atomic steps. ledges, and 
kinks, which usually serve as active sites for 
‘breaking chemical bonds (5-7). For example, a 
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‘bulk PUI) surface possesses extremely high 
catalytic reactivity. for eleetroreduction of CO 
(8) and electto-oxidation of formic acid (9). The 
bulk PU410) surface exhibits unusual activity 
for catalytic decomposition of NO, a major 
pollutant of automobile exhaust (/0), Thus, the 
shape-contolled synthesis of metal NCs bounded 
by high-index fhoets is a potential route for en- 
hhancing their catalytic activities 

His, however. rather challenging to synthe- 
size shape-contiolled NCs that are enclosed by 
hhigh-index facets because of their high surface 
energy. Crystal growth sites in the direction 
ideX plane are usually 
along the normal direction 
of a low-indes plane, 50 high-index: planes are 
rapidly eliminated during particle formation (/1), 
During the past decade, a variety of fice-centered 
1 NCS with well 
fined shapes have becn synthesized, but nearly 
all of them are bounded by the low-index planes, 
such as tetrahedron, octahedron, decahedron, and 
icosahedron, enclosed by {111} facets (/2-14), 
cube by {100} (12, 15), cuboctahedron by {111} 
and {100} (76), and rhombic dodecahedron by 
$111} (17), Here we describe an electrochem- 
ical method for the synthesis of tetrahexahe- 
deal (THE) Pt NCs at high purity, The THI 
shane is bounded by 24 facets of high-index 
planes ~{730} and vicinal planes such as {210} 
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and {310}. The synthesized THH Pt NCs show 
Jation of 


enhanced catalytic activity in electeo-01 


small organic fuels of formic acid 
demonstrating their potential for use in the tradi 
tional applications of Pt group metal nanopar- 
ticles, including catalysts (8), automotive 
catalytic converters (19), five cells (20), and sen 


sors (20). 

Several electrochemical methods have been 
reported for the synthesis of Pt NC. Sun and co- 
workers used a fast pe 
nanostructured film on a Pt microelectrode sur 


nial cycling to grow 


and Avia ef al, employed an elec 
al square-wave potential route 10 shape 


Fig. 1. (A) Scheme of ele [jy 
trochemical preparation 

of THH Pt NCs from nano 
spheres. The Pt nanosphere 
is an agglomeration of tiny 
PL nanopaticles of itregu 
lar shapes (fig. $1). Under 
the influence of the square- 
wave potential, new Pt NCS 
of THH shape grow at the 
expense of the large nano 
spheres (the large nano 
sphere “dissolved” into 
smaller ones, which eventual 
ly transform into THH shape). 
(B) Lowmagnifcation SEM 
image of THH PL NCS with 
growth time of 60 min. (C 


bulk Pt electrode 


3), which could yield sev 


eral high-index planes of bulk crystals in some 


cases (24). However, these methods have lim. 
ited practical applications because of a low 
spexific surface area and the high cost of the bulk 
Pr electrode. We have developed a route for 
shape-controlled synthesis of Pt NCs through 3 
fiom Pt nano. 


square-wave potential, Statin 
spheres electrodeposited on 

substrate instead of bulk Pt, we obs 
NCS 
Was carried out in asta 
n temperature (25), All eke 


assy carbon (GO) 
ed THH Pt 
preparation 
we-clectrode cell 
rode potentials 


are repotad on the scale of a siturated calomel 


and D) High-magnification SEM images of Pt THH viewed down along different orientations, showing 
the shape of the THH. (E) Geometrical model of an ideal THH. (F) High-magnification SEM image of a 
THH Pt NC, showing the imperfect vertices as a result of unequal size of the neighboring facets. Scale 


bars in (©), (0), and (F), 100 nm. 


Fig. 2. (A) TEM image of THH Pt NC 
recorded along [001] direction. A careful 
measurement of the angles between sur 
faces indicates that the profiles of the 
exposed surfaces are (730) planes (u = 
133.6°, (f= 136.4") (see fig. $6). The 
inset is a [001] projected model of the 
THH, (B) Corresponding SAED pattern 
with square symmetry, showing the 
single-crystal structure of the THH Pt NC. 
(©) High-resolution TEM image recorded 
from the boxed area marked in (A), An 
amorphous thin layer is shown at the 
surface, which may be introduced by 
contamination during specimen handing 
and/or TEM observation. (D) Atomic mod- 
el of Pt(730) plane with a high density of 
stepped surface atoms. The (730) surface 
is made of (210) and (310) subfacets. The 
local surface of THH Pt NC can be (20) if 
the size of the crystal surface increases, 
although the overall profile of the facets 
is (730). (B HRTEM image recorded from 
another THH Pt NC to reveal surface atomic 
steps in the areas made of (210) and (310) 
subfacels. The image reveals the surface 
atomic steps 


SCIENCE 


electrode (SCE). In a typical experiment, poly 


crystalline Pt nanospheres of size about 750 nm 


(lig. S1) were electrodeposited on a GC electrode 
ina solution of 2 MM KaPiCle + 0.5 M Hs 
The Pt nanospheres were then subjected 10 a 
square-wave tcatment, with upper potential 1.20 V 
and lower potential between -0,10 and 0.20 V, 
at 10 Flzin a solution of 0.1 MH;SO, + 30 mM 
ascorbic acid for 10 t0 60 min, As illustrated 
schematically by Fig. 1A, THH Pt NCs were 
grown exclusively on GC surface at the expense 
of PL nanospheres, 

The shape of the NCs was determined ini 
tially by scanning electron microscopy (SEM). 
An SEM image of THH Pt NCs produced with 
growth time of 60 min is shown in Fig, 1B (an 
THI Pt NCS 
sand residual PL nanospheres is shown in fig. $2) 
The yiekl of the THE PU NCs in the fi 
07%, andl most other shay 
uneration of imperfect THI NCs (lig, $3). 
Their average size (Heywood diameter) was 
217 dard dev 
By controlling the experimenta 
sinallest THI NCs received and identified by 


overview SEM image includin 


fam, with asta jon of 23 nm, 


conditions, the 


SEM ane ~20 nm (fig, $3). The THE Pt NCs 
‘on GC surfice are randomly oriented, High: 
magnification SEM images of THIL PU NCs 


ccieniod nearly along the thnoe- anx! four-fold axes, 


are presented in Fig, 1, C and D, respectively, 
The THE shape is based on a cube with 


cach face capped by a square-tused pyramid 
(Fig. 1E), Theve perfect square-based pyramids 
in Fig. IC and nearly octagonal projection in 
Fig. 1D can be seen clearly, which confimms the 


THH shape of the Pt NC 
perfection can be introduced at vertices (tig. 
S4), as presented by the SEM image in Fig. 
1D, which is not caused by the {100} truncation 
of the THH but rather because crystal facets of 


different sizes are produced by substrate effects 
(Fig. IF) 
(TEM) analysis of such structure clearly reveals 
re of the NC 
$5), In comparison with previous elect 
bulk Pr electrodes (24), the 


Transmission electron microscopy 


the thrve-dimensional (3D) struc 


al faoeting 
use of PUn 


nospheres deposited on GC substrate 

ly perfect THH 

is an inert substrate on 

ow in island (Volkmer: 
26) 


is vital to the production of ned 
PU NCS, because GC 
Which isolated PL NCs 
Weber) mode but not columnar mode 

THH-shaped crystals in nature exist ocea: 
sionally in fluorite and diamond but very rarely 
in metals. To the best of our knowledge, only 
copper crystals of truncated THH shape were 
found in copper miner The THH (Oy, 
symmetry) belongs to Catalan solids oF Archi 
madean duals; the THH shape is bounded by 24 
igh-index planes of {hk} (hh2k+0) (28), We 
detennined the facets of the TH Pt NCs by 
sclected-area electron diffraction (SAED) and 
high-resolution TEM (HRTEM), 

The favets are best revealed by’ im 
NC along [001], parallel to which 8 of the 
facets are imaged edge-on (Fig. 2, A and B). 
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The fourfold symmetry of the SAED pattem 
confirms that the THH Pt NC is a si 
2C wweorded from a 


fringes with lattice spacing of 0.20 nm, which 
comesponds to the {200} pkines of Pt. The 
Miller indices of exposed facets of the THH can 
be identified by a conjunction of the angles be 
tween the facets, the TEM image, and the ED 
patiern of the Pt NC (Fig. 2, A and B), whose 
as the projection of 
el to the [001] zone 
2A, two surf 


border can be looked 
ight {hkO} facets pa 
As shown in F 
0.38 and 137.6 
vox! agreement with theoretical 
a id angle B= 136.4 

$6). The results show 


of 133.6 re measured, 


which are in 
values of a 
between {730} facets (i 
that the dominant facets of the THE PUNC are 


1730}. Although most of the THH Pt NCs are 
bounded by the {730} ficets, some THH Pt 
NCs bounded by {210}, {310}, of {520} had 
also been observed | 

The atomic a ) surface 


(Fig, 2) is periodically composed of two (210) 
subacets followed by one (310) subfacet that is, 
‘multiple-height stepped structure (6), These steps 
HRTEM im 
as indicat 


have been directly captured in 


by 
Thus, the single-crystal THE is. 


recorded thom another 


enclosed by 24 hi 

In addition to the HRTEM ress, the sur 
face structure of THI Pr NCs can also be char 
ns (fig. SX), in 


r-index facets of ~ 


acterized by eyelic vollammoy 


Which the features of 
desorption ate similar 16 those on a bulk PA210) 
different from those 
polycrystalline Pt surface, In a common point, 
these high-index facets exhibit 


xygen adsorption and 


surtuce but are ona 


‘open struc 


iv, In the case of a PU730) surface, its density 
Of stepped atoms is as high as 5.1 = 10" en 
that is, 43% of the total number of atoms on the 


surface, It is thus reasonable to expect that the 
THI Pt NCs will display high catalytic activity 

The size of the THH Pt NCS can be oon. 
trolled by varying the growth time. The SEM 
images of THH Pt NCs produced with growth 
times of 10, 30, 40, 
Fig. 3, A to D, respectively 
average sizes are measured, respectively, to be 
53, 100, 126, and 144 nm, The histo 
size distributions of these particles ane shown in 
Fig. 3E, with a relative standard deviation (RSD) 
of 12%, 10% 14%, and 14%, respectively. The 
particle size is also correlated with the density of 
THI PU NCs on the substrate surface. The (210) 
and (310) planes, the 1 
ing of the (730) as shown in Fig. 2D, exhibited 
high stability 
and. solic 
and reducing atmospheres (9, 29-31), The THH 
Pt NCs are thermally stable; in sity TEM ob- 
servation showed that the TH Pr NCS were 
thermally stable to tempei 800°C with 
the preservation of the shape and facets (Fig. 3F) 
(Note the large size of the particles.) 


and 30 min are shown in 


The comespondin 


ajor subacets for compos 


under electrochemical conditions 
38 environments in both oxidative 


tures of 
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Why are the {730} or the 
‘ets that define the THH shape stable duri 
wih? We have 


210} type of fac 


ound that ascorbic acid is not 
t to produce the THH shape, 
because THH Pr NCs can still be harvested 
ascorbie acid-free solution, 
and quality degrade (fig. $9) 
synthesis procedures (Fi 
of te 


although the yield 
In the original 
1A), the initial sta 


the nanospheres by squ 
tential, the following processes may oocur (25), 
Fins, at 1.20 V the surface Pt atoms on the nano- 
spheres can be oxidized and panially dissolved 
to form Pt ions. Then, these Pt 
reduced to PY atoms between 
020 and -0.10 V. In the square-wave potential 


ENING Po 


ms diffuse to the 


GC surface and an 


procedure, the two processes were repeated pe 
riodically at a fequency of 10 Hz, 
NCS 

surface with a continuous dissolving of the orig: 
ial PL nanospheres, because the small nanopar 
ticles grow mo 


ant new Pt 


ow through nucleation and growth on GC 


rapidly than the larger ones (32) 


of Pt single crystals could be changed by pe 


Fiodic adsorption and desorption of exygen, de 


on their Miller indices (33), At 1.20 V 


pend 
Pr surfice is oxidized and covered by oxygen se 
cies (Ogg aned Ol) originated from the d 

OF HO in solution. As for the 


planes, surface 
rhumbers (CNs), such as 9 for atoms on the (111) 
‘n atoms are relatively difficult to 


adisorb at such surface sites; instead, some oxy 


atoms might preferentially difluse or invade 


form a PLO lattice through 


imo a Pt surface t 


place-exchange between oxygen and Pt atoms, 
iy 0.20 and -0.10 V, 
these displaced Pr atoms cannot always return to 


vetion between 


their original positions because the synthesis 
was carried out at room temperature, which then 
disorders surface structure (33), However, for 
high-index planes, the CNs of surfice atoms sare 
relatively low, only 6 for stepped atoms on the 

0} plane. The oxygen atoms preferentially ad- 
sorb at such stepped atoms without replacing 


them, and ordered surfaces are preserved (33, 34). 


The dynamic oxygen adsorption-desorption me 
Jiated by square-wave potential and the differ 


ent dey ve-exchange between OXy 


ees of pl 
and Pt atoms on Pt single-crystal surfaces show 
index planes with an open struc 
and {210} 


nent of square-wave potenti 


ture, such as the {730} feats, «2 


survive in the tre 
(tig. $10), 


The catalytic activity of THI PtNCs is 


superior to that of the spherical Pt nanoparticles, 
The NCs have been applied to promote the 
dlectro-oxidation of formic acid and ethanol, 


sing altemative fuels for dinect 
jure 4A. shows a comparison of 


fuel cells. F 
transient current density of formic acid oxidation 
0.25 Von the THI PUNCs [d= 81 nm (lig. 


SII} the cketrodeposited polyerystalline PL 
nanospheres [d= 11S nm (lig, $12)), and the 
commercial 3.2-nm PUC catalyst from E-TEK, 


Ine. (Somerset, New Jersey, USA) (fig. S13) 
The oxidation 


room temperature rent has, 
been normalized to electroactive PL surface 


that t 


current density ( /) can be directly used 


Fig. 3. Size control of THH Pt NCs and their thermal stability. SEM images of THH Pt NCs grown at 
(A) 10, (B) 30, (C) 40, and (D) 50 min. The insets in (A) and (8) are the high-magnification SEM 
images that confirm the shape of THH. Scale bars, 200 nm, (E) Size distributions of THH Pt NCs in 
(A), B), (O, and (D), respectively, after counting more than 500 particles for each sample. (F) In 
situ TEM observation on the thermal stability of THH Pt NCs. The images were recorded at various 
temperatures in TEM at a heating rate of 7°Umin. The NC preserves its shape to ~815°C and even 
higher with a slight truncation at the corners and apexes, as seen in the TEM image. 
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to compare the catalytic activity of different 
). The oxidation current density on 
s is nearly double that on Pt 
nanospheres or PUC catalyst. The potential de- 
pendence of the steady-state curent density 
reconled at 60 s is shown in Fig. 4B, The cur 
rent density of formic acid oxidation on THI Pt 
NCsishigher than that on the Pt nanospheres or 
the PUC catalyst, and the enhancement factor R, 
\hich is defined as the ratio of the current density 
sasured on THH PUNCs versus that acquired on 
Pt nanospheres or PUC catalyst, varies from 160% 
to 400% for PL naniospheres and from 200% to 
310% for PUC catalyst, depending on electrode 
Potential, The THH Pt NC showed no appreciable 
morphological change after the reaction, as 
inicated by an SEM image of a THH Pt NC inset 
n Fig. 4B, which still preserves the THH shape, 
wing its chemical stability 

For ethanol oxidation, the transient current 
density on THE Pt NCs at 0.30 V is enhanced 
to 230% of that on the nanosphieres and 330% 
‘of that on the PUC catalyst (Fig. $C), A compar 
ison of the steady-state current densities 
‘obiained on THI PUNCS, Pt nanospheres, and 
3.2m commercial PUC catalyst is shown in 
Fig. 4D, in which the enhancement factor R 
Varies between 200% and 430% for PY nano 


spheres and between 250% and 464% for PUC 
catalyst in the potential region of 0.20 10 0.35 V. 
In addition, we have measured that, at a given 
‘oxidation current density of technical interest in 
fuel cell application, as indicated by dashed 
lines in Fig. 4, B and D, the corresponding 
potential on THE Pt NCs is much lower than 
that on Pt nanospheres or PUC catalyst. In the 
cease of formic acid oxidation, the potential on 
THIL PU NCS is shied negatively by ~60 mV as 
compared with PL nanospheres at the same 
current density of OS mA on? whereas for 
cthanol oxidation, the negative shift is -80 mV at 
3 current density of 0.2 mA cm The above 
results show that THH Pt NC3 exhibit much 
enhanced catalytic activity per unit surfice anca 
for the oxidation of small organic mokeules: 
This may be attributed 10 the high density of 
stepped atoms on the surfaces of THH Pt NCs. 


However, for catalytic activity per unit weight of 


PX, our estimation indicates that, when the 
transformation is complete, the overall activity 
of these larger THT NCS is fess than that of the 
3am commercial Pt nanoparticles (~10% as 
active) Future research will be needed to im- 
prove the synthesis technique s0 that smallersize 
THIL NC are made in high yiek! and sill con- 
sume almost all ofthe stating Pt nanoparticles, 
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Fig. 4. Comparison of catalytic activity per unit Pt surface area among THH Pt NCs, polycrystalline 
Pt nanospheres, and 3.2-nm PUC catalyst. (A) Transient current density curves of formic acid 
‘oxidation at 0.25 V. (B) Potential-dependent steady-state current density (left, recorded at 60 5) of 
formic acid oxidation on THH Pt Nes, Pt nanospheres, and commercial PUC catalyst, and the ratios. 
A (right) between that of THH with the latter two, respectively. The inset in (B) is an SEM image of a 
THH Pt NC alter reaction, indicating the preservation of shape. (C) Transient current density curves 
of ethanol oxidation at 0.30 V for the THH, Pt nanospheres, and PUC catalyst. (D) Potential- 
dependent steady-state current density (left) of ethanol oxidation on THH Pt NCs, Pt nanospheres, 
‘and commercial PUC catalyst, and the ratios R (right). The current density j was normalized in 


reference to the electrochemical active surface area for each sample, so that the current density j 


directly corresponds to the catalytic activity of unit Pt surface area of the sample. Thus, it can be 
directly compared for three types of particles. The results clearly demonstrate the largely enhanced 
‘catalytic activites of the THH Pt NCs per unit surface area. 
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Roadless Space of the Conterminous 


736 


United States 


Raymond D. Watts,"* Roger W. Compton,” John H. McCammon,” Carl L. Rich,” 
Stewart M, Wright,? Tom Owens, Douglas S. Ouren* 


Roads encroaching into undeveloped areas generally degrade ecological and watershed conditions 
and simultaneously provide access to natural resources, land parcels for development, and 


recreation. A metric of roadless space is needed for mot 


ring the balance between these 


‘ecological costs and societal benefits. We introduce a metric, roadless volume (RV), which is 
derived from the calculated distance to the nearest road. RV is useful and integrable over scales 


ranging from local to national. The 2.2 mi 


cubic kilometers of RV in the conterminous United 


States are distributed with extreme inhomogeneity among its counties. 


Nhe road network of the United States 
| seeeels 6.3 million kn in aggregate Keng 
(Z) ana fills the national landscape so fully 

that, except in Akika, one can get no. father 
fiom a road than 35 km (2), This extensive road 
network provides societal benefits by bringing 
natural resources t0 consumers, linking workers 
to jobs, and connecting people to urban services, 
It is in the spaces between the roads that val- 
Uuable natural resourees ae present and ecosystem 
services are rendered, Road encroachment af 
{ects ecological resources, primarily in negative 
ways (/, 3-8), usually by fragmenting habitats 
and introducing chemical contaminants and 
exotic species to the ecosystem. Roads have 
been demonstrated to have dozens, if not hun 
dreds, of effects on ecosystems and water= 
sheds (/. 3-5, 7-1), Physical, chemical, and 
biological processes transmit influences from 
roads to thei surroundings in a mélange oF de- 
tenninistic, stochastic, and chaotic processes that 
are made event more complex through their in- 
teractions with the variability of the landscape. 
The spain of documented effects ranges from a 
fow meters to many kilometers (1) and depends 
not only on the roads themselves but also on the 
volume and types of traflic that they camry. 
These complexities make it impractical to mea- 
sure oF estimate the area of influence without 
‘extensive local observation, Our work is aimed 
at bridging these details in order to answer tw 
‘questions: () how much space is there between 
the roads, and (i) how much is lost as new roads 
are added to the network, penetrating wadkess 
space? These questions cannot be answered by 
measuring either the length or surface area of 
roads because these metrics do not respond to 
road placement. We sought a metric that would 
have a greater response to a road penetrating 
deeply into otherwise roadiess space than 10 3 
road of similar ength lying close to other roads. 
We introxluce a metric called roadkess vol 
lume (RV), RV calculation begins with the com- 
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Putation of the horizontal distance to the nearest 
road (DTR), Which is most accurately done 
With fast-marching methods (/2) or adequately 
done with network methods (1): the network 
computation method is available in many 
geographic information systems. In practice, 
DIR is computed for points on a square grid 
(ve used a 30-m grid, grid size does not bias 
results, but it affects accuracy. RV for an area 
is the imegral of DTR over the area, which is 
estimated to be the total of the DTR cell values 
muiplied by cell area, with resulting units of 
cubic meters or cubic kilometers. Calculation 
aceurey depends on cell size. the quality of 
the road data set used for DTR computation, the 
sinuosity of roads, and (10 a small degree) the 
method of caleulation. RV is objective: there are 
no arbitrary factors 

RY can be described and visualized as fol- 
lows: Substitute DTR for elevation to ereate a 
pseudotopographic surface (real topography 
plays no role in our definition of RV). RV of a 
footprint area is the volume of the pscudoto- 
ography above that footprint (Fig. 1). Roads 
‘of equal length produce different RV changes, 
depending on their alignments with respect to 
other roads (Fig. 2). RV responds simulta- 
neously to footprint arca, footprint shape, and 
the alignment of roads within the footprint. Com 
pact footprints with no intemal roads produce 
maximum RV, Meandering boundaries and in- 


VLE. 


Fig. 1. RV is calculated by substituting DTR for 
elevation and then calculating the volume be- 
neath the pseudotopographic surface. Two exam- 
ples are shown, with perimeter roads in blue 
(there is 3 hidden road along the back of each 
volume). (Left) For a 1-km-square road pattern, 
the pyramid has a height of 0.5 km and a volume 
‘of 0.167 km*. (Right) The elongated pyramid 
measuies 0.333 by 3 km and therefore has the 
same footprint area as the square pyramid, but is 
‘volume is 47% of the square pyramid volume. RV 
simultaneously accounts for area and shape. 


temal roads diminish RV, The greatest reduc~ 
tion comes from roads that penetrate places 
that otherwise would be most remote fiom 
roads. Roads placed close to other roads only 
modestly reduce RV. 

We calculated DTR for the entire United 
States on a 30-m grid aligned with the Na- 
tional Land Cover Dataset (NLCD), thus en- 
nal geospatial resource that is 
used for a wide variety of ecological and land- 
use analyses (6, 14, 15), RV for any footprint 
is ASDTR>, where 4 is the area of the foot- 
print and <DTR> is its mean DTR. With this 
definition, footprints need not be bounded by 
roads, enabling calculations of RV for counties 
(26), By summing county RV values, we es- 
timated the RV of the contemninous United 
‘States to be 2.1 = 108 km? Maps inherently pro 
‘vide Visual weighting by area, so we color-coded 
county results (Fig. 3) by <DTR> values rather 
than by RY, thus avoiding double emphasis of 
county size. 

Roadless space is wn asset that is unequally 
distributed by county and further unequally 
distributed among the population, Reside 
‘of two counties with equal RV have differ 
percapita shares of the madlessspuce resourc 
in inverse proportion 10 the county populations, 
Figure 4 shows per-capita RV by county, which 
can also be interpreted as the pressure of pop 
lation against the counties’ roadless spaces. 
Comparing Figs. 3 and 4, one sees that 50 
counties with high DTR. and therefore high 
RY, have low per-capita RV. Prominent exam 
ples occur on the Pacific coast, along the 
Wasatch Front in Utah, along the Front Range 
in Colorado, and at the southem tips of Nevada 
and Florida: all these counties have metropol- 
jtan areas closely juxtaposed with mountains 
deserts, oF (in Florida) extensive wetlands, In 
contrast, low county populations create high 
per-capita RV in a band of counties stitching 
fiom the Dakotas to western Texas, in spite of 
relatively low DTR in most of these counties 

The county with the lowest per-capita RV is 
Kings County in New York (Brooklyn: roughly 
4000 m? per capita, giving each person the 
equivalent of a 45° pyramid that is 30:m long on 
aside) (/7), and the county with the highest per= 


Fig. 2. (Left) A square road pattern produces a 
pyramid of roadless volume. (Center) Four added 
roads, each of length = 0.5 x (the length of one 
pyramid side) and intersecting at the center (the 
‘wo roads parallel to the long side of the image 
are mostly hidden), reduce the pyramid volume 
by 50%. (Right) Four roads of the same length, 
starting at the corners and angled slightly toward 
the center (tan divergence angle = 0.1), diminish 
the pyramid volume by only 13.5%. 
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Fig. 3. Map of <DIR> by county in the 
conterminous United States. DIR legend 
classes are of approximately equal area, 
‘and color rendering closely follows area- 
adjusted county rank. 


Fig. 4. Percapita RV by county for the 
conterminous United States. Legend classes 
are of approximately equal area, and color 
rendering closely follows area-adjusted 
«county rank, 


RV is Hinsdale County in southern Colo- 
11.9 km" per capita, ach person a 
pyramid that is 4.1 km long on a side). The 
contrast in ecological conditions between these 
counties is extreme: One county is a dense 
turban area; the other is largely wilderness. The 
ratio of east to greatest roadless. space per 
person in the conterminous United States, mea- 


sured at the county scale, is approximately 1:3 


10%: a wreater dy nue than that of other 
‘common socioeconomic statistics at the county 
seale, such . 10°) 
U8) oF mean 7.8) (19). This lange 
dynamic range implies that counties with low 
population densities also have few roads, large 


values of <DTR>, and large RV. 


www.sciencemag.org 


Socioeconomic processes add roads, i 
hing DTR and RV. An assessment 
in RV requires detailed and consistent maps on 
multiple dates, which are available in only a few 
places. One such place is the Front Range in 
Colorado, for which we made a movie of the 
to 1997 (20). Hes 
nearly half of the initial RV was lost during the 
60-year study period, as a result of urban ex- 
pansion, growth of small towns, and housing 
dissemination—all occuring on agricultural land, 

It is reasonable 10 postulate that distan 
from roads, on average. diminishes road influ- 
fences, an application of a geographic lav i 
troduced by Tobler (2). Thus, althou 
cannot trace the details of road-induced effect 


the space where 
ly and east intense. 
RV isa sensitive indicator that summarizes the 
status of this space. 
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Pyroclastic Activity at Home Plate in 


Gusev Crater, Mars 


S. W, Squyres,? 0. Aharonson,? B.C, Clark,” B. A. Cohen,* L Crumpler, P. A. de Souza, 
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A Yen"? 


Home Plate is a layered plateau in Gusev crater on Mars. It is composed of clastic rocks of 
moderately altered alkali basalt composition, enriched in some highly volatile elements. A coarse- 
‘grained tower unit ties under a finer-grained upper unit. Textural observations indicate that the 
lower strata were emplaced in an explosive event, and geochemical considerations favor an 
‘explosive volcanic origin over an impact origin. The lower unit likely represents accumulation of 
pyroclastic materials, whereas the upper unit may represent eolian reworking of the same 


pyroclastic materials, 


ome Phate is. light-toned plateau -90 m 
Hittin Stn iin 
Inner Basin of the Columbia Hills, at 
Spirit's landing site in Gusey crater (3). Home 
Plate appears prominent from orbit, and was 
identified after landing as a high-priority target. 
It is the most extensive exposure of layered 
bedrock encountered by Spirit at Gusev to d 
Spit arrived at the northem edge of Home 
Plate on sol 74 (4), following the path shown in 
Fig. 1. Images of the plateau show a thick stack 
‘of layered rocks, with a lower coarse-rained unit 
and an upper finer-grained unit (Fig. 2). The 
ower unit is characterized by prominent parallel 
layering with low apparent dips and a coarse 
‘granular texture (Fig. 2B), Individual granules 
‘are roughly equant, and typically 0.$ to 3 mim in 
size, IC is difficult to determine in Microscopic 
Imager (MI) images whether the granules are 
original clasts, such as accretionary lapilli, or 
Textures reflecting postdepositional cementation 
SI), Toward the top of the lower unit is a 
massive section roughly 10 cm thick where 
layering becomes indistinct (Fig. 3) and grains 
are difficult to identity in MI images (tig. S2) 
A particularly notable feature in the lower 
Unit is a ~-em clast with deformed layers 
beneath it, interpreted to be a bomb sag (Fig. 3), 
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Bomb sags are found in volcanictistic deposits 
‘on Earth, where outsized clasts ejected from an 
explosive vent are emplaced billistically into 
deformable materials, causing downward deflec- 
tion of layering 

In contrast to the lower unit, the upper unit is 
fine grained, well sorted, and finely laminated 
and it exhibits cross-stratification. On the 
northem edge of Home Plate. the upper unit 
exposes a facies that is well bedded and char- 
acterized by ubiquitous fine lamination that is 
arranged in bed sets with planar to low-angle 
cross-sratification (Fig. 2C). Other features of 
this focies inchdke gently dipping curved or 
imegular surfaces of erosion, small-scale cute 
and-fill structures, convex-upward laminations, 
and occasional imercalation of thin beds of 
high-angle cross-beding. In ME images, this 
facies exhibits a distinctly clastic texture, with 
grains 200 to 400 jum in diameter that ane 
exceptionally well rounded and sorted (ig. $3). 

A second facies in the upper unit that is par= 
ticularly well developed at the caste edge of 
Home Plate exhibits high-angle cross-bedding 
(Fig. 4), Herc, the geometry is expressed as wedge 
set up Wo several lens of oxntimeters thick of 
distinctly trough-shaped cross-strata. ntemalstrat- 
ification ranges from finely laminated 1 more 


thickly laminated. Crosystrata also preserve vie 
dence of reactivation surfaces, cul at variable 
angles and generally bickfilled by cross-stratt 
concordant with the scour surface, Such oom 
cries typically form during reconfiguration of | 
the bed in response to scouring during low 
‘bursting, migration of three-dimensional bedforms 
‘with ffomtal scour pits, and at times when the 
sediment concentration of a Mow is decreased, 

We used planar fits to bedding so 
Pancam images to estimate the structural attitudes 
of beds in the upper unit of Home Plate, at four 
Jocations that sample roughly a third of the 
plateaus perimeter (fig. $4). Atal four locations, 
the beds dip inward toward the center of Ho 
Plate. The 16 range of derived dips is 3° to 
20°. with occasional values up to 30°. Dips are 
consistent within each outerop, suggesting that 
the measurements reflect a true structural trend 
and are not greatly influenced by lowsangle 
cross-bedding. 

Chemical compositions analyzed by the 
Alpha Paticle X-ray Spectrometer (APXS) are 
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sven in Table 1. The outcrops Posey and Cool 
Papa Bell (5) from the upper unit were brushed 
With the Rock Abrasion Tool (RAT) before 
analysis. Barnhill, from the lower unit, could not 


be brushed: Pancam color images were used to 
select relatively dust-free regions, Fuzzy Smith, 
small (~10-cm) loose rock on the plateau, also 
could not be brushed. The lick of strong SOs 
and Cl enrichments for unbrushed surfaces rela- 
tive to brushed ones suggests that surface dust 


‘contamination was modest 
Most Home Plate outcrop rocks an fairly 
uniform in elemental composition, exegpt for 
Bambill Fastball, which has lower AlkOs and 
NayO and higher MgO, They are most similar to 
Masada, a scoriaceous float rock in the Inner 
Basin, 
summit of Husband Hill. Home Plate outerop 
rocks have a basaltic composition with high 
alkali contents similar to some other basalts in 
Gusev crater (6), However, they have markedly 
higher abundances of some volatile minor and 
trace elements (Cl, Br, Zn, and Ge), 
Mutkispectral imaging of He 
crop rocks shows that clean surf 
albedo and exhibit ~930-nnm ban absorptions con 


and Irvine (6), a basaltic rock at the 


1° Plate out 


sistent with the presence of low-cakeium pyrox- 


ene or possibly ferric oxyhydroxides (fig. SS), 


Such absorptions are similar to those observed in 
Clovis Class rocks on the west spur of Husband 
Mill (7). 
Miniature ssion Spec 
(Mini-TES) in of dark-toned out 
crops at Home $6) indicate a strong 
component (~45%) that resembles basaltic glass, 
similar to the spectra of Clovis Class rocks (8). In 
addition, deconvolution using a spectral library 
yields a best fit with ~30% pigeonite (a 
<linopyroxene), ~$% olivine, and ~10 
A small amount of sulfite (~10 


suggested. The surfaces that give Home Pk 
fight tone when viewed from orbit display the 
same spectrum of surface dust observed on other 
dustcovered rocks in Gusey crater (9). 
Misshauer Spectrometer (MB) mineralogy 


for Home Plate outerop rocks is given in table 
SI. Bambill, Posey, and Cool Papa Bell are 
aF to one another. OF the total Fe present 
ble 1), 16 10 18% resides in olivine, 22 10 24% 
in pyroxene, 2 in nanophase oxide, and 
26 to 32% in magnetite. These are among the 
most magnetiterich rocks at Gusev crater (J0) 
The ratio of Fe™ 
052 


to total iron (Fe) Fea) is 
‘Chemical analyses were recast into mineral 
Iculating noms (Table 1) with the use 
inations of Fe?" Fepayy The differ 
ences between the calculated mineralogy and the 
actual mineralogy determined by Mini-TES and 
MB indicate that Home Plate outcrop rocks did 
not form through equilibrium crystalliz 
anhydrous silicate liquids, as a nom 


ion from 
Iculation 


Both MB and Mini-TES detected ol 
and pyroxene, although abundances cannot be 


compared directly because of uncertainties in 
i of both phases. Mini-TES devon- 


the Fe cont 


volution yields 


45% basaltic 


lass and no mag. 


netite, whereas MB yields abundant Fe from 
netite (26 to 32%) and nanophase oxide 


(npOx) 27 to 29%). This apparent difks 


1. Home Plate as 
viewed from orbit. North 
is at the top. The path 
followed by the rover is 
shown, and the locations 
of rocks discussed in the 
text are shown. [High 
Resolution Image Sci- 
ence Experiment image 
PSP_001513_1655, 
acquired on 22 Novem- 
ber 2006.) Image scale 
is 27.1 cavpinel, map- 
projected to 25 cm/pinel. 
The scene is illuminated 
from the west with an 
incidence angle of 60 


wegen 


ig. 2. The northern edge of Home Plate (A), showing the coarse-grained lower unit (B) and the fine- 
‘grained upper unit (). False color image obtained using Pancam’s L2, US, and L7 filters (753, 535, and 
440 nm, respectively) on sols 748 to 751. Approximate scale across both (B) and (Cis ~45 cm. The 
apparent curvature ofthe horizon in (A) results from the high rover tit when the image was acquired. 
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sugyests that the npOx for these rocks may be 
ly similar to the Mini-TES glass 
Nondetect 


spect 


component on of m: 


because some 
magnetite spectral features are ongwand of its 
bandpass and others are obscured by the 
atmospheric COs band at 15 jm. 

Loose rocks atop Home Plate include the 
small, imegularly shaped rock Fuzzy Smith 
ig, S7), lis chemical composition is unlike 
any other rock investigated by ether rover, with 
high Zn; the highest Si, K, and Ge measured at 
Gusev erater, and very low Ca and Fe (Table 1). 
No Mini-TES data were acquired for Fuzzy 
Sith, Massbauer data reveated unigue Fe 
mineralogy, with most ofthe Fe (64%) in a phase 
wwe referto as FeDI thathas not been detected in 
any other martian rock (lable $1), The Massbauer 
parameters of Fe?DI [isomer shift (-2 SD) & 
0.28 = 0.02 mnvsand quadrupole spliting 
0.67 = 0.02 mum's} are consistent with an Fe 
sulfide such as pyrite and/or marcasite (Fe*S, 
polymomphs) or with tetrahedrally coordinated 
Fe in some phase (17), Ifthe APXS and MB 
lyzed exacily the san ial, then molar 
SiFe does. not favor the su erpretation 
Some phyllosiicaes have tetFe™* doublets with 
similar parameters, but the contibution of the 
suibspectrum to the total MB spectrum (unlike 
W rved in Fuzzy Smith) is <30%, With- 
‘out altional chemical and mineralogical infor- 
imation (eg, detection of sulfide or phylosiicate 
by Mini-TES), we are not able W assign a 
mineralogical composition oF an exidation state 
to the Fe®D1 double. 

Acid-sulfate leaching of basalt by volcanic 
vapors an produce amorous, SiOrrich res 
idues (/2), and sich a process may have been 
involved in the formation of Fuzzy Smith 
c Fuzzy Smith is highly quarz-normative, 
the calelated mineralogy is unlikely 10 be 


representative of a leached wek. 
Several characteristics of Home Plate impli- 
cate an explosive process in its origin, These 


include the bomb sag, rounded granules in the 
Tower unit that might be aceretionary lapilli, and 
an infrared spectral signature suggest 
ithiss. A coarse-grained lower unit that grades 
Uupwant into finer materials is also consistent with 
an explosive Both a volcanic explosion 
and an impact are candidate formative events. 

Compositional evidence favors a. vol 
origin, Home Plate outerops are similar in 
chemistry and mineralogy to vesicular alkali- 
rich basalts that are abundant in the Inner Basin, 
This relationship suggests a common magmatic 
source and a vokeanic origin for Home Pl 
although clearly the style of emplacement is 
dliffenent 

‘An unusual aspect of Home Plate rocks is 
fnctionation of CI (and in some eases Br) from 
S. Chlorine does not show correlations with in- 
‘compatible elements stich as K that could point 
to igneous fractionation as its souree, nor with 
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Al that might point to weathering or aqueous 
alteration. Instead, the Cl enrichment might be 
explained as interaction of magma with a brine. 
Altematively. the enrichment in CI but not in S 
could reflect degassing in an oxidized basaltic 
magma, causing S to panition preferentially 
the vapor phase (/3) and decreasing the 
SiCl and S/Br ratios. In either: 
origin would be implied. However, we cannot 
rule out the possibility that the Cl enrichment is 
present in a surfice coating that is resistant to 
RAT brushing, rather than in the bulk rock. 
Home Plate is also strongly enriched in the 
volatile elements Ge and Zn, Although Ge tends 


Fig. 3. The lower coarse- 
rained unit showing gan- 
lular textures toward the 
botiom of the image and 
massive tedures with ret- 
linear fracturing toward 
the top. Also shown i a 
feature that we interpret 
to be a bomb sag (arrow. 
The bomb is about 4 <n 
across. False color image 
‘obtained using Pancam’s 
12, 15, and U7 fiters on 
sol 751. 


tw be high in meteoritic material, the lack of a 
comesponding Ni enrichment suggests that the 
Ge in Home Plate is not primarily of meteoritic 
origin. Instead, the enrichment in these volatile 
elements may reflect condensation of volcanic 
vapor, Gemmanium is also well known for 
enrichment in sulfides and zinc mineralizations, 
‘pecially under hydrothermal conditions (14) 
Again, a volcanic origin for Home Plate is im- 
plied by either interpretation, 

Taken together, our observations suggest tha 
Home Plate is composed of debris deposited 
from a hydrovolcanic explosion that occurred 
when 


ig. 4. High-angle cross-bedded sandstone at the northeast edge of Home Plate. Scale across the 
image is ~1.5 to 2 m. [Pancam image 2P195076279, acquired on sol 774.) 
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tact with subsurface fluid, perhaps brine, Both 
the bomb sag and the compositional similarity 
of Home Plate to basalts found nearby suzzest 
that the deposits lie elose to the source vent. 
Bomb sags on Earth typically indicate that the 
deformed materials were wet at the time of em- 
prlucement, but we cannot rule out the possibility 
‘of sig formation resulting from compaction and 
gasesupported flow of dry materials, 

‘Some aspocts ofthe eross-stratification in the 
Uupper unit are consistent with deposition from 3 
voleanie surge (/5, 16). However, because they 
develop from highly turbulent flows, sure 
deposits close to the source vent are offen 
coarsely stated, and on average poory sorted 
with a component of coarser grains inelling 


outsized bombs and blocks (7). The 
attributes are not observed in the upper unit 
Furthennore, the cross-strats of surge deposits 
commonly exhibit deposition along the stoss 
side as well as the lee side of the bedforms; in 
contrast, the cross-strata preserved at Home 
Plate are dominated by stoss-side truncation 
(only one observed set shows stoss-side accre- 
tion}, suggesting little deposition from fallout 
The upper unit at Home Plate shows per 
sisiently fine lamination, and very well sorted 
and rounded grains. These observations. point 
toward a process like eolian transport that in- 
creased the textural maturity of the sediments, 
suggesting that the upper unit may have formed 
by colian reworking of pyroclastic debris derived 


Table 1. APXS analyses and calculated normative mineralogy for Home Plate rocks. Analyses are in 
weight %, except for Ni, Zn, Br, and Ge, which are in parts per million. Sample homogeneity is 
assumed, Uncertainties represent 1a errors in x-ray peak area. Posey and both spots on Cool Papa 
Bell (Stars and Crawlords) were brushed using the RAT; the others were not brushed. Fe was 
partitioned between FeO and Fe203 with the use of Mossbauer-determined Fe?" Fer ratios (table 
51), For rocks where no Massbauer data were obtained, all Fe is reported as FeO and norms were 
calculated with the use of the average value for Home Plate outcrop rocks of Fe? /Feyeu = 0.52. 
Norms were calculated without 5, because S is assumed to be present as sulfate rather than sulfide, 
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fiom the same source as the lower unit. The 
planar to low-angle stratification could have 
formed by the migration of impact ripples over 
a sand shoet surface, whereas the kige-scale 
cross-stratification could have been produced by 
migration of dunes. This interpretation is 
consistent with the abrupt contact between lower 
unit facies with upper unit facies and with the 
lack of any evidence for depositional continuity 

Home Plate is a quasi-circular plateau with 
beds that dip toward its center. One plausible 
explanation for this geometry is that either a 
volcanic structure (c.g, maar or tull ring) or 
impact crater provided bowlshaped relief that 
‘was filled with pymelastic materials, Because 
sitting from suspension tends to produce layers 
that confor to and drape underlying topogrt- 
phiy, emplaced layers may have conformed to the 
depression’s shape. Postdepositional compaction 
that induced subsidence in the deepest portions 
‘oul! have further rotated beds toward the center. 
‘Subsequent erasion may have stripped away both 
the original confining structure and pyroclastic 
materials that lay outside it, leaving behind a 
raised platform of tayered materials that dip 
inwand. Indeed, the Columbia Hills exhibit-a 
small impact craters relative 4 the 
stratigraphically younger lava plains nearby, 
indicating that substantial amounts (perhaps 
meters) of erosion have occured (78), Although 
there is strong evidence that the rocks of Home 
Plate tie close o their source vent, we have not 
found evidence that Home Plate itself is the 
Jocation of the yent. Indeed, a probable source 
vent has not yet been found along Spirit's 
traverse. If, as we suspect, Home Plate is: 
remnant of a formerly more extensive explosive 
volcanic deposit, then investigation of other 
nearby layered materials may reveal a genetic 
relationship to Home Plate 

Home Plate was identified before Spirit's 
landing as a high-priority target, and its 
apparently layered character led 10 suggestions 
of lacustrine, eolian, or pyroclastic origin (79). 
Deposits of similar appearance are common on 
Mars. Our conclusions sugeest that pyroclastic 
deposits may be common elsewhere, particular 
ly in settings where magmas have come into 
contact with ground ice or water, 
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Local Replenishment of Coral Reef 
Fish Populations in a Marine Reserve 


Glenn R. Almany,** Michael L. Berumen,*# Simon R. Thorrold,? 


Serge Planes,* Geoffrey P, Jones* 


The scale of larval dispersal of marine organisms is important for the design of networks of marine 
protected areas. We examined the fate of coral reef fish larvae produced at a small island reserve, 
tising a mass-marking method based on maternal transmission of stable isotopes to offspring, 
‘Approximately 60% of settled juveniles were spawned at the island, for species with both short 
(<2 weeks) and long (>1 month) pelagic larval durations. W natal homing of larvae is a common 
life-history strategy, the appropriate spatial scales for the management and conservation of coral 
reels are likely to be much smaller than previously assumed. 


‘any of the desired outcomes of ma- 
ne protected areas (MPAs) in fishe 
management and. biodiversity. conser 


vation rely on untested assumptions about the de- 

fee 10 which fish populations are connected! by 
arval dispersal (/-. Connectivity is a critical 
uneter in models for optimizing the size and 
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Mf MPAs (4-6), but the scarcity of dincet 
tion on Laval dispensal fimits the models 
utility (7). Because larvae typically spend times 
ranging from days to months in the pelagic envi- 
ronment before secking suitable habitat to begin 
wlult life, direct measurements of connectivity 
are chal 7-9). Thus, although larvae have 
the potential to travel far from their binhplace, 
realized dispersal distances are seklom known. 
We studied populations of two species of 
coral reef fishes with different reproductive strat 
‘euics occupying a 03-km coral reef surounsing 
a smnall island that was recently designated an 
MPA (Kimbe Istand in Kimbe Bay, Papua New 
ca), Orange clowntish (Amyphiprion perce: 
mersal eggs that hatch 


spacing 


Gui 


Pomacentridac) spawn d 
after several days of parenta 
then spend ~11 days in the pelagic environment. 


19. NLA. Gabler ol, Geophys. Res: 108, (E12), 8076 
34,1029/2002}£002026 (2003). 

20, This esearch was cated out fr the Jet Poplin 
Laberatry, California instute of Teehnoogy, under 2 
contract with the MASA. 
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In contrast, vagabond butterfly fish: (Chaetodon 
ugabundis; Chactodontidae) release gametes 
directly into the water column (that is, there is 
no parental care), and larvae spend an average 
‘of 38 days in the pelagic environment (Fig. 1) 
The reproductive c he vagabond 
butterfiyfish are found in most marine fish spe 
cies and in nearly all species targeted by sh 
cries throughout the world’s 0c 
In December 2004, we tagged larvae using a 
method whereby mothers transmit stable barium 
(Ba) isotopes to their offspring before hatching 
and dispersal (10), A total of 176 clownfish fe- 
inales and. 123 butierflyfish from the reef su 
rounding Kimbe Island (Fig, 2) were captured 
and injected with a BaCl solution that was highly 
"Ba and deplted in "Bu as com, 
ured to natural Ba isotope values, In February 
2005, we returned to Kimbe Island and co- 
Iected 15 clownfish and 77 buaterflytish that had 
recently settled into benthic eet habitats after 
compkting their pelagic larval phase. The analysis 
of daily growth inerements of sigittal otoiths 


teristics of 


ceriched in 


(car bones) confimed that each of the recent 
fer the injection of the adults 
isotope 


settlers Was bo 
with BoCl, We then quantified i 
tios in the otolith cores of setters, 
plation inductively coupled plasma 1 
trometry (ICP-MS), B: 
oroliths of all individuals fell on the theoret- 
ical mixing curve between the enriched isotope 
spike and natural Ba, with values that were sim 
ilar to those from otoliths of larvae from three 
reef fish species injected with enriched "Ba 


Fig. 2. Study species. An adult (A) A. percula (photo by S. R. Thorrold) and (B) C. vagabundus (photo by R. Patzner). 
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oratory conditions (Fig. 3) 
Definitive identification of tagged fish was based 
on ofolith "Ba" Ba ratios because they com- 
\erged on the natural ratios mueh more slowly 
than did "™Ba/!™Ba values (Fig. 3). fish 
was considered tagged if the "*Ba!7Ba ratio 
Cf is otolith core was more than 30: lower than 
the mean value fom measurements of eontrol 
‘otoliths (7 = 86) assayed throughout the ICP. 
MS runs. 

ois of nine chownfish and cig bet 
fish were identified as tagged base on Ba” Ba 
ratios, providing incontrovenible evidence that 
these fish had returned to their natal eet (Fig 3) 
Assuming that we tagged all clownfish larvae 
produced from Kimbe Island, 60% of juvenile 
made the retum jo nate 
if we failed to locate any breading pairs. For 
butertlytsh, We estimated the proportion of the 

adult population captured and injected with 
17.3% [95% confidence interval (CD 144 
1 200%) via-a population survey conducted after 
123 adults had been injected with Ba and exter 
ly the propertion of tagged 
juveniles (8 of 77) to the proportion of adults in 
jected with Ba indicated that a remarkable 60.1% 
(95% Cl: $2.0 to 72.2%) of juvenile butterfly fish 
retumed to their natal reef. Tagged juveniles were 
found in a variety of locations scatered around 
Kimbe Island, although the larvae of both species 
that retumed sett in the wreatest numbers at the 
southeastem comer of the island (Fiz. 2). 

Our direct estimate of ~ 60% selfxccruitment 
for these two species demonstrates that larvae are 
capable of retuming to a very small twyet reef 
(only 03 km?) even after an extended larval 
duration. Abhough there is much recent indirect 

2 for the limited disenal of marine lar 


under controled 
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Fig. 2. (A) Satelite image of the Kimbe sland MPA (taken by the IKONOS-2 
satellite at 2 resolution of 1m). (B and C) Schematic diagrams of Kimbe Island 
showing the locations of tagged (red circles) and untagged (white circles) juveniles, 


collected in February 2005. The locations of juvenile (B) A. percula (n = 15) and (C) 
. vagabundus (n = 77) are shown. in (C), the number in each circle corresponds to the number of juveniles collected from that location. 
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vae (11), our results, in combination with two 
previous markirecapture studies of larval disper- 
sal (12, 13), suggest that self-recruitment in ma- 
rine fish populations may be common and take 
place on a smaller scale than previously realized, 
For example, a recent Caribbcan-wide biophys- 
ical model of population conncetivity. in_wef 
fishes highlighted larval capabilities as a key 
factor ining levels of selfxccruitment (/4). 
When active larval behavior was introduced in 


. 3. (A) Ba isotope ratios in otolith cores from 
juveniles of three reel fish species: A. melanopus 
(iamonds), A. percula (squares), and Centropristis 
striata (viangles), spawned from females injected 
with 7BaCl, up to 3 months after the injections 
and reared inthe lab through settlement (20); and 
‘mean values (+3a) from controls for each species 
(open symbols) along with the theoretical mixing 
curve (dashed line) between the enriched Ba 
isotope spike and natura Ba ratios, (B) Ba isotope 
ratios in otolth cores of tagged A. percua (squares) 
and C. vogabundus (circles) juveniles and mean 
(30) values from the otoliths of all unmarked 
juveniles (open symbol) along with the theoretical 
mixing curve (dashed line) between the enriched 
Ba isotope spike and natural Ba ratios, 


the model within a few days afler batching, self 
recruitment of vinual larvae averaged ~21"% to 
reef areas delineated by 450 km. In our study, 
the proportion of sef-recuitment was three times 

ser wo a reef more than thos orders of mag- 
nitude smaller 

The observation that parental habitat is de- 
monstrably of sufficient quality for survival and 
sxproduction provides a compelling argument fr 
the presence of some degree of selFrecruitment 
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in fish populations. Selection may therefore favor 
the retention of many larvae, especially if the 
probability of encountering better adult habitat 
by dispersing is low (/5) or advantages accrue 
through local adaptation (/6). A number of mech 
anisms may be usa by larvae to avoid being 
swept away fiom natal ree, Fiekd evidence sug: 
ests that reef fish larvae migrate vertically in the 
\Water column to exploit curents at different depths 
and thereby avoid dispersal away from spawning 
locations (/7), Larvae are also capable of sustained 
dirvetional swimming soon aller hatching (18), 
and possess a range of well-developed sensory 
systems to locate and orient to reef, including 
sizht, smell, and sound (/8-21), 

Despite the high levels of sel-eeruitment we 
tected, ~400% of juveniles of both species came 
fiom outside the MPA. The rect nearest to Kimbe 
Island! is 10 km away, andl reefs in this region are 
typically separated by 5 to 20 km. Eoologically 
important larval exchange must occur berween 
populations at these scales Thus, the Kimbe 
Island MPA is likely to be sclFsustaining as well 
as providing weerutment subsidies to populations 
beyond its boundaries, Akhough kets of reten- 
tion and connectivity may difler where reefs ane 
‘closer and populations are ess sola, the Kimbe 
Island example sets new boundary condition for 
the scale at which self-rveruitment can occur 

Ideally, the size and spacing of marine re 
serves should be predicated on an understanding 
‘of larval dispersal distances (3-4, 22) The op- 
‘imal design should be one in which individual 


MPAs are lange enough so that populations with- 
in reserves can sustain themselves, yet small 
‘enough and spaced so that a proportion of larvae 
produced inside the MPA is exported to un- 
protected arcas (3,5, 12). Our study suzwests that 
the spatial scale at which coral reef MPAs can 
achieve these dual goals may be relatively smal 
However, if natal homing and larval retention 
are common, some MPAs may fail to deliver 
substantial recruitment subsidies to locations 
beyond their boundaries. We therefore support 
rocent suggestions (23, 24) that MPA networks 
should be combined with conventional: man- 
agement strategies to both protect threatened 
species and ensure the sustainability of fisheries 
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Developmentally Regulated piRNA 
Clusters Implicate MILI in 


Transposon Control 


‘Alexei A. Aravin, Ravi Sachidanandam, Angelique Girard, 


Katalin Fejes-Toth, Gregory }. Hannon* 


Nearly half of the mammalian genome is composed of repeated sequences. In Drosophila, Piwi 
proteins exert control over transposons. However, mammalian Piwi proteins, MIWI and MILI, 
partner with Piwi-interacting RNAs (piRNAs) that are depleted of repeat sequences, which raises 
‘questions about a role for mammalian Piwi's in transposon control. A search for murine small RNAS 
that might program Pivi proteins for transposon suppression revealed developmentally regulated 
PIRNA loci some of which resemble transposon master control loci of Drosophila. We also find evidence 
‘of an adaptive amplification loop in which MILI catalyzes the formation of piRNA 5" ends. Mili mutants 
‘derepress LINE-1 (L1) and intracisternal A particle and lose DNA methylation of L1 elements, 
demonstrating an evolutionarily conserved role for PIWI proteins in transposon suppression. 


own piRNAs are not expressed until 
K spemnaiocytes first enter mid-prophase 
(pachytene stage) at ~14 days after 

birth (PL) (4). However, Mili expression 
begins in primordial germ cells at embryonic 
day 12.5 (5, 6), and transposons, such as LI, 
«can be expressed in both premeiotic and meiotic 
germ cells (7, 8). We therefore probed a con- 
neetion between Mili and transposon control by 
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examining MILL-bound small RNAS in carly 
stage spermatocytes. Notably, MIL-associated 
RNAs could be detectal at all developmental 
time points tested (Fig. 1 and fig. St). Northem 
blotting revealed that pre-pachytene piRNAs 
join MILI before pachytene piRNAS become 
expressed at PI4 (Fig, 1B). The appearance of 
pre-pachylene piRNAs was MILI-depende 

suggesting a requirement for this protein in either 


their biogenesis or stability (Fig. 1C), These 
results raised the possibilty that MILL might be 
programmed by distinct piRNA populations at 
different stages of germ cell development 

‘To characterize prepachytene piRNAS, we iso- 
{ited MILI complexes fiom P10 testes an! deeply 
sequenced their constituent small RNAS. Like 
pachytene populations, pre-pachytene piRNAS 
‘were quite diverse, with 4% being clone! only 
ence. The majority of both prepachytene (66.8%) 
and pachytene (82.9%) piRNAS map 10 single 
genomic locations. However, a substantial fraction 
20.1%) of pre-pachytene piRNAS hak! more than 
10 genomic matches, as compared 10 1.6% for 
pachytene piRN, 

Annotation of pre-pachytene piRNAs re 
vealed three major elasses (Fig. 2A). The lanzest 
35%) comespanded to repeats, with most miatch- 
ing short interspersed clements (SINEs) (49%). 
Jong interspersed elements (LINES) (15.8%), and 
Jong terminal repeat (LTR) retrotransposons 
3.8%). Although pachytene piRNAs also 
match repeats (17%), the majority (>80%) map 
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tuniquely in the genome, with only 1.8% map- 
pping more than 1000 times (fig. $2). In contrast, 
22% of repeatderived pre-pachytene piRNAS 


Fig. 4 MILI associates with 


map more than 1000 times and comespond 
closely to consensus sequences for SINE BI, 
LINE LI, and LAP retrotransposons (fiz S2). A 


day 8 10 12 14 a4 


distinct small RNA popula  °% 8 10 12 ad C 


tions during spermatogenesis, 
(A) Mitrassociated RNAS wese t 
analyzed fom testes of 8 4 
10, and 12-day-old and adult 
(Gd) mice, C, contol immuno- 
precipitation. (B) Testes RNA 
(three top panels) cr RNA from 
[MILI immunoprecptates (P) 
(two bottom panels from mice 
of indicated ages was analyeed 
by Norther blotting for a pre- 
pachytene piRNA, a pachytene 
PIRNA, or let-7, The asterisk 
indicates the residual let-7 
signal. (© Northern hybrid- 
ization of RNA isolated from 


P10 testes of WT mice af 
Mili-heterozygous and Mil 
homozygous mutants, as in- 


dicated, The probe is as in 
(B). M, RNA size markers. 


2 
20. Pro-pachytene RNA 
we fonck 
20. 2: 
Fig. 2. Characteristics of pachytene and pre-e 8 raesposors 


pachytene piRNAs. (A) Genomic annotation of 
iRNA populations and the fraction of sequences 
with a 5' U are indicated, rRNA, ribosomal RNA; 
rneRNA, noncoding RNA. (B) The top 20 pachytene 
and pre-pachytene piRNA clusters are displayed 
according to the fraction of uniquely mapped 
PIRNAs produced (y axis) and cluster sizes (x axis). 
‘The cluster on chromosome 17, expressed at both 
stages, is marked with an arrow. Pre-pachytene 
clusters, enriched in repeat-derived piRNAS, are 
marked with arrowheads. (© The density of uniquely 
‘mapped piRNAs on chromosome 7 is plotted for the 
plus and minus genomic strands (above and below 
the avis, respectively). (D) Transposable element 
fragments and piRNA density are plotted for 2 
repeattich pre-pachytene piRNA cluster ["3” in (B). 
Elements, separated by type, are indicated as red 
boxes on the plus strand and as blue boxes on the 
minus strand. Gray shadowing indicates LINE and 
adjacent SINE fragments that closely match their 
consensus. 
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sccond abundant class of pre-puchytene piRNAs 
29%) matched genic sequences, including 
both exons (22%) and introns (72%). A third 
class matched sequences without any annota- 
tion (28%). All three major classes shared 
signature piRNA characteristics, including a pre 
rence for a uridine (U) at their $* end 80%) 
(Fig. 2A). 

Pachytene piRNAs derive fiom relatively few 
extended genomic regions, with hundreds. to 
thousands of different species enooded from a 
single genomic strand (/, 3, 4), Cluster analy 
‘of pre-pachytene piRNAs yiekled 909 loci, cov- 
cring ~0.2% of the mouse genome (3.3 mega- 
tases; table S1). Pachytene and pre-pach 
clusters show litte overlap (Fig. 2, B and C, and 
table $1). Overall, pachytene clusters were larger, 
and cach produced a greater fraction of the 
PIRNA population than early clusters. which 
58 kb in size (Fig. 2B). Only 56.5% of 
‘uniquely mapped pre-pachytene piRNAs ean be 
atributed to clusters, as compared to 95.3% in 
pachytene piRNA populations, Considered 
together these results demonstrate that pre- 
ene and pachytene piRNAs are derived 
fiom differem genomic locations, with pr 
pachytene piRNAs being produced from a 
bbmader set of loci 

‘We were unable to intuit the fumetional im- 
portance of those pre-pachytene clusters that 
correspond solely to unannotated regions of the 
‘genome, The 28 ene piRNAs that 
correspond 10 protein coding genes Were con 
centrated in 3’ untranslated regions ('UTRs) (Hig, 
33) and showed a strong bias fr certain loci, 
\with 8% of the total coming from only 10 genes. 
However, these were invariably derived! trom the 
sense strand, implying that these piRNAs woukd 
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be unable to direct posttranseriptional gene 
silencing. Using semiquantitative reverse tran- 
scription polymerase chain reaction (RT-PCR), 
we were unable to detect differences in the ex- 
pression of genes comresponding to piRNA clus- 


A 
u IAP 
10. 0 aw 
mM 
2% 
[ 20 
i 
10 
1O.days 14 days 10.daye 14 days 


ters by comparing wild-type (WT) to Mili-mvatant 
animals. We do not yet understand what distin- 
.guishes genes that contribute piRNAs but do note 
that at least some have repetitive elements 


resident in their 3'UTRS (fig. $3). 


Fig. 3. Mili regulates L1 and IAP elements. (A) Quantitative RT-PCR for IAP and L1 expression in 
testes from WT or Mil-null mice, as indicated. Expression was assessed at PO and P24. Error bars 
indicate SD. (B) DNA was isolated from the tails or testes of Alii”, Mili”, oF all’ animals; 
digested with either a methylation-insensitive [Msp 1 (M] or 3 methylation-sensitive [Hpa M(H] 
restriction enzyme; and used in a Southern blot with a probe from the LINE-1 S'UTR. Arrowheads 
indicate bands arising from loss of methylation in the Mil-null animals. (C) Bisulfite sequencing of the 
first 150 bases of a specific L1 element was done in Mil” or Atié~~ animals. 


Fig. 4. A Pivimediated A 

BIRNA amplification oop 

in mammals. L(A) and 

IAP (B) piRNAs were 

aligned to ther onsen 

Sus sequences. allowing 

up to three mismatches, i 

and détances separating 

5 ends of complemen- 

tary piRNA were plotted. 

nucleotide, Nucleo- 

tide biases were calew 

lated for LL (©) and IAP 

(D) piRNts analyzed in 

(9) and (8). The fraction i 
é 


8 uP 


of A at postion 10 vas 
plotted both for piRNA 
classes that contain and, 
lack a5’ U. For each bar, 
the percentage of U or A 
residues that would be 
expected by random 3% 
sampling is indicated by 
a solid ine across the bar. 
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(Clusters that are rich in transposon sequences 
‘were among the most prominent, as judged by 
either theirsize or the number of piRNAs that they 
generate. Two of these were the largest pre- 
pachytene clusters (97 and 79 kb, respectively). 
Although uniquely mapping piRNAs were 
derived largely fiom one genomic strand, the 
mixed orientations of transposable elements 
\within clusters led to the production of both sense 
and antisense piRNAS. As is observed in Dro- 
sophila, repeat-rich mouse piRNA clusters typi- 
cally contained multiple elsment types, many of 
which comprise damaged or fragmented copies 
(9) In many repeattich clusters, the orientation of 
‘most clements was similar, For example, similarly 
driented elements inthe 1Wo longest clusters (Fi. 
2D and table S1) resulted in the proxvetion of 
mainly antisense piRNAs, similar to the lamenen 
PIRNA locus in Drosophila (9, 10) 

We examined the possibility that pre- 
pochytene piRNAs might program MILL 10 r= 
press transposon activity. Vili mutation showed 
substantial effets on L1 and LAP expression, with 
«ach inereasing its levels by a fietor of atleast 5 10 
10 (Fig. 3A), These studies were camicd out at 
P10 and P14, before an overt fill phenotype 
becomes apparent 

Although postiranscriptional mecha 
likely contribute to silencing, CpG methylation 
is critical for transposon repression in. mam 
nals (17-16). Both analysis with methylatio 
sensitive restriction enzymes and bisulfite DNA 
sequencing revealed. substantial demethylation 
of LI elements in Mili-smutant testes (Fig. 3, B 
and C), In the later ease, the ~30% of LI se= 
quences that remain methylated in the mutant 
are likely derived from the somatic compart- 
‘ment. Considered together, our data suygtest that 
pre-pachytene piRNAs might help 10 guide 
methylation of LI elements, although we ean- 
not distinguish between roles in de nove versus 
‘maintenance methylation, 

In Drvsophila, Piwi-mediated cleavage 
promotes the formation of secondary piRNAS 
(9, 17). This allows active transposons and 
PIRNA clusters 0 participate in a feed-forward 
Joop that both degrades transposon mRNAs and 
amplifies silencing (9). The presence of both 
sense and antisense piRNAs from mammalian 
transposable elements creates the potential for 
engagement of a similar amplification eyele, This 
creates two telltale features. First, bee 
Piwi proteins cleave targets opposite nucleotides 
10nd 11 of the guide, piRNAs generated within 
the loop overlap their partners by precisely 10 
nucleotides (9. 17). As predicted, we observed 
enrichment for piRNAS comesponding to LI and 
IAP retroiransposons, in which the S' ends of 
sense and antisense partners are separated by pre= 
cisely 10 nucleotides (Fig. 4, A and B), Second, 
because most piRNAs begin with a U, piRNAS 
produced by Piwi-mediated cleavage are en- 
riched for adenine (A) at position 10 (9, 17). 
‘This bias was prevalent in L1- and IAP-derived 
IRAs [the fraction of A at position 10 (0A) in 
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Fig. 4, C and DI), For piRNAs to be cleavage- 
‘competent and active in the amplification eyele, 
‘they must retain a high degree of complemen- 
tarity to their targets (fig. S4). Consistent with 
this hypothesis, RNAs that map uniguely in the 
‘genome have a lower bias for 10A (e.g. 38.7% 
for non-S'U piRNAs matching LTR-containing 
retrotransposons) than do piRNAs with many 
(e.g, >1000) genomic matches (61.5%. 

‘Our results suggest 9 conserved pathway 
through which a developmentally regutated 
cascade of piRNA clusters programs Piwi 
proteins to repress. transposons. in- mammals. 
‘One key diflerence between transposon control 
in Drosophila and mammals is the role of 
eytosine methylation in maintaining stable 
repression. In plants, it is well established that 
small RNAs can guide methylation of com 
plementary sequences (8, 19). The observa- 
tions that Miwi2 (20) and Mili mutations 
strongly affect methylation of LI elements and 
that MILT binds Li-targeted small RNAs 


Suggest that mammals may also harbor an 
RNA-dependent DNA methylation pathway. 
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Protein Dynamics Control the Kinetics of 
Initial Electron Transfer in Photosynthesis 


Haiyu Wang, ? Su Lin,*? James P. Allen,? JoAnn C. Williams,” Sean Blankert,** 


Christa Laser,** Neal W. Woodbury™?* 


The initial electron transfer dynamics during photosynthesis have been studied in Rhodobacter 
sphaeroides reaction centers from wild type and 14 mutants in which the driving force and the 
kinetics of charge separation vary over a broad range. Surprisingly, the protein relaxation kinetics, 
‘as measured by tryptophan absorbance changes, are invariant in these mutants. By applying a 


reaction-diffusion model, we can 


the complex electron transfer kinetics of each mutant 


‘quantitatively, varying only the driving force, These results indicate that initial photosynthetic 
charge separation is limited by protein dynamics rather than by a static electron transfer barrier. 


Wolves electron transfer between an 

excited donor molscule and a neighboring 
acceptor molecule that are embedded in the 
reaction center, an intrinsic membrane protcin- 
pigment complex, In the photosynthetic reaction 
centers of Rhodobacter sphaeroides, an excited 
clectton donor, P* (P is a pair of bacterioeh loro 
phylls) transfers an electron in pivoscconds to a 
neighboring bacteriochlorophyll, By. and sub- 
sequently to a bacteriopheophytin, 14 (Fig. 1). 
The state PH,” exists for about 200 ps before 
the electron is transtemrad to a quinone Qa (3), 
‘One aspect of reaction center function that is 
challenging 1 understand quantitatively is the 
dependence of the inital charge separation kinet- 
ics on driving foree (the free enerey difference 
between P* and the initial chanee-separated state) 
Many mutants with altered standard free energies 


S™ ‘energy conversion in photosynthesis 
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forthe inital change separation have been studied, 
and in general the dependence of the electron 
transfer rate on driving force is not consistent with 
the weak temperature dependence of this reaction 
(4-6), Additionally, the kinetics of the chan 
separation are complex, requiring multiple decay 
‘components for an accurate description in bow 
wikl-type and mutant reaction comers (4-8), 
Many different kinetic models have been devel- 
‘oped to explain these features on the basis of 
Vibrational nonequilibrium (9-17), static in- 
homogeneity (4, 7, 12), and multiple imeracting 
states (8, 3), However, none of these quantita 
tively predicts the complex reaction center 
kinetics as a function of driving fore. 

‘The protein envionment of the reaction center 
represents an inhomogencous solvent, which 
relaxes upon excitation and charge separation over 
many different time scales (11, 14-16), Thus, a 
‘complete mode of electron transfer must tke into 
account protein motion, a concept suggested pre- 
viously by Chandler and co-workers on the basis 
‘of molecular dynamics simulations (/5). Molecu- 
lar dynamics simulations modeling the electron 
transfer reaction, as pioneered by Warshel and 


Parson (11, 14), suggest that the energy Muctua- 
tions between states duc to protein movement are 
correlated with initial electron transfer kinetics, 

‘The structure-based theoretical treatments 
described above give detailed mechanistic 
information but are challenging to apply directly 
{o the analysis of experimental data, Fortunately, 
simplified models have been developed to 
describe electron transfer between small mole 
cakes in viscous solvents, resulting in the re 
duction of the solvent motion to one oF two 
generalized dimensions (7-19), One way to 
represent sucha reaction isto divide the solvent 
response (the solvent reongzanization) into 10 
dimensions: the instantaneous response of the 
solvent (much faster than electron transfer) and 
the slower, longer-range solvent reonanization 
that oceurs on the time scale of electron transfor 
and longer. For this situation, the kinetic time 
‘course can be described by the reaction-diffusion 
equation (19) 


Colt) 


== Ik Kaiten) (1) 


Here, p(x) is the distribution of the initial elee- 
‘yn donor state (P*)alomya reaction coordinate, x, 
asa function of time, t. The reaction coordinate 
x is associated with the motion of the solvent 
(protein) on the time scale of the electron transfer. 
Kix) isthe rate constant for electron transfert the 
reaction coondinate position x (20 


P og 
T\ iekeT 


(AG? + 2x /hy?? 


Ky) 
wy Tika 


Q) 


‘wheres the electronic coupling matrix element; 
AG? is the standard five enengy difference be- 
tween the reactants and the proxluets isthe total 
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reorganization energy and repr 1 sum 6 7 separation); and ky and diffusion of th along the reaction co- 
‘e(nuctear relaxation that is fast on the time scale Tiare the Bol constant and temperature, ordi is proportional to a diffusion rate 
of charge separation) and Ap ( clasts pectively. | san ope a cents such as proteins, is a 
along the reaction coordinate x that is comparable describe calepe cement and — func is derived from the time 


jculty in applying this fommalism wo the 

sction center is th time course of protein 
daxation, Cy), is unknown and hence the ope 
{cannot be determined. One appach fr th 


107 sorbance as a function of time 
plophan has a lange difference dipole between 
cited and ground states, making its absorb. 
poctrum and oscillator strength sensitive 
dues in the Land M subunits, with L1SOW 
and MIRSW (24) being closest 10 the cofactors 
ved in initial electron transfer (Fig. 1) 
u the electron transfer reaction by 


ans ange in the absorbance at 280 nm, 
hich is near the peak of the tryptophan ab- 
sorbance band. Figure 2A shows the transient 
at 280 nm in wikl-type reaction conte 
jent signal can be fit by two short time 


Fig. 1. The cofactor arrangement of wild-type reaction centers from R. sph P is a bacterio 
chlorophyll dimer, By and By are bacteriochlorophyll monomers. Hy and Hg are bacteriopheop 
Qp are ubiquinones. The A and B subscripts denote the two potential elect 

active side in wild type). The amino acid resid 
transfer are shown in shades of blue, gre 
electron transfer mutants used in this sti 
shown, These are L131LH (24), L168HEF, W 


on centers for these measurements because 
hytins, Q, and 


n the 280-nm region, resultin 
transfer branches (A & the 


ary the driving force 
al of 14 different 
dy, including single id triple mutants of the residue 
}6OLH, and M197FH [all mutants t bonding to 


scale because of electron transfer from Ha 16 Q, 
There were a Qn 


P (26)]; M203GL [making By harder to reduce (25); LIS3HE, LIS3HV, L153HS, and L153HD [all alte re ines of evidence that the 280-nm 
histidine that coordinates the Nig in By, making it harder to reduce (28); LA7OND and L16BHE [both al that remains upon quinone removal 
introduce charges inthe vicinity of P (27); as wel as the double mutants LISILH+MI6OLM and LI31LH+ arises from absorbance changes in tryptophan, 
M197FH (26) and the triple mutant LISILH +MI6OLM+N197FH (29). In addition, two tryptophan residues Firs MISSW and LIS6W were both 
(shown in red) near the cofactors involved in intial electron transfer hav ated both singly and mutated w nontryptophan residues, the 10-ps 
together, resuiting in the mutants LISGWE, MIBSWY, and LIS6WF+MIBSWY and 190-ps ¢ is of the transient were 


Fig. 2. (A) Comparison : 
of the time-dependent A 

changes in the trypto 09m © wildtype 

phan absorbance band 2 LISeWEeMIBSWY, 
at 280 nm in quinone- 

removed reaction centers 
from wild type (average 
of 10 traces) and the 
LIS6WR+IMLBSWY mu 
tant (average of two 
traces) (Inset) The same n 1 
kinetics on a longer time 0 5 10 15 20 25 30 270 +280 +290 300 
scale. (B) The difference Time (ps) Wavelength (nm) 

in the absorbance spec- 

trum measured at 1 sand 30 ps for quinone-removed wildy 
and the eror inthe mean fs about +0.05 on the scale given. The soi ti 
from figure 2 in 20). au, arbitrary unis 


09 
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Allpoint represent an average of three measurements, 
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_zreatly decreased relative to the 3-ps component 
(Fig. 2A), The individual mutations result in 
smaller perturbations of the 280-nm signal. The 
kinetics of electron transfer donot change in 
either the single or the double tryptophan 
mutants, In contrast, mutants with modifications 
atthe seven nontryptophan residues shown in 
1 changed the electron transter rate constant 
by as much as an onder of magnitude but did not 
detectably alter the 280-nm transient. Second, the 
280-nm transient ( 
to the ground state 
spectrum of a single tryptophan residue in the 
‘enzyme bamase (27). This is true both for wild- 
type reaction centers and for the mutant M203GL 
(Fig, 1) (24, 25) that undergoes electron transfer 
«an onder of magnitude more slowly than wild type 
B). Thus the 280-nm transient absorbanes 
signal is sensitive to local tryptophan mutations 
‘and has the spectral characteristics of tryplophan, 
implying that it refleets changes in the protein 
‘environment probed by local tryptophan residues. 
This signal was used to provide an experimental 
measure of the protein dynamics. during initial 
electron transfer [i.e to detemnine Cf]. 
‘The protein dynamics probed in this 
\were compared with the kinetics of initial elec 
tron transfer determined by following the decay 


Fig. 3. (A) Charge separation 
kinetics of reaction centers from wid 
type and 14 mutants determined 
from transient absorbance changes 
at 930 re (stimulated emission from 
*) by using 860-nm excitation. Five 
‘of those mutants (LA68HF, M16OLH, 
LIS3HF, LI31LH, and “LA3ItH+ 
'MIGOLH) are shown here, and the 
rest are given in fig. S2A. The solid 
tines ae fitting results with use ofthe 
reaction-iffusion model. The fiting 
parameters used for wildtype reac- 
tion centers are (AG? + 4) = 150 
ime, J = 39 cm, 24 = 280 me, 
and jy = 70 meV. The mutants were 
fit by varying only the free eneray 
diffrence. The resulting free energy 
differences relative to wild type 
(AAG%) were LI6BHF (-75 meV), 
LI6BHE (-48 meV), LI7OND -7 
meV), wild type (0 meV by defini- 
tion), MAGOLH (27 meV), L1S3HV 
(28 meV), L1S3HS 37. meV), 
M197FH (40 meV), LAS3HE (57 
meV), LI31LH (99 meV), M203GL 
(105 meV), LI31U4+NI60LH (136 
meV), LI31LH+NH197FH (140 meV), 
LIS3HD (148 meV), and LA31LH+ 
‘MML6OLH-+M197FH (180 meV), with 


‘of the 930-nm stimulated emission signal from 
P* (Fig. 3). In addition to wild type, measire- 
ments were performed on 14 reaction center mu- 
tants, all of which are thought to primarily affect 
the driving force for the initial electron transfer 
rather than reaction center structure or dynamics 
(Fig. 1 legend), The ov rll electron transfer kinet- 
jes i these mutants vary by more than an onder of 
magnitude, from about 2 psto tens of picascconds 
(Fig. 3A and fig. S2A) (25-29). One might expect 
that protein rekaxation would simply follow the 
time course of electron transfer in each mutant. fn 
‘other words, the formation ofthe change-separated 
state would be rate limiting, and protein relaxation 
‘would track this reaction. In contrat the transient 
signal at 280 nm for all of these mutants is the 
‘same within experimental error (Fig. 38 and fig. 

328) (30), The invariance of the tryptophan signal 
across mutants with widely varying electron 
transfer dynamics Keads to a notable contusion: 
The local protein movement initiated by formation 
‘of the initia exeited state of the reaction center is 
independent ofthe kinetics of charge separation on 
© picosecond time scale 

Because the protcin relaxation on the pico- 
second time scale is independent of clestron 
transfer kinetics, this movement must be initiated 
‘by events occurring at very early times upon light 


REPORTS [ 


absorption. In this view, it is possible that the 
kinetics of the electron transfer reaction are 
strongly influenced by protcin dynamics, rather 
ttn the protein simply responding 10 chang 
sepuration. This would be true if the inherent rate 
of charge separation is fast once the protein, 
responding 0 an initial excitation event, has 
achieved an appropriste nuclear configuration, In 
that case, protein dynamics control the overall 
elctmn transfer kinetics, and the diclectric 
relaxation term in the reaction-lillasion model 
fas a lang: effect. To test this concept, we used 
the mmultieyponential fit of the 280s transient 
fiom quinoneremoved reaction centers. a the 
sickectricretaxation function, Cl), to determine 1 
in Eq, 1 fsce (20) for the detailed relationship 
between Land Gi). The measured PY dec 
Kinetics was then fit 10 this expression (Fit 
frarameters given in Fig 3 legend), The key 
finding in this work i that, forall 14 mutants, it 
was only necessiry to adjust AG® during the 
fing 10 obvain excellent fits of the complex 
kinetic traces (the fits to five mutants are shown in 
Fig. 3A, and the rest are given in fig. S2Aj all 
saher parameters in the ft were held constant (37). 
‘The values of the driving force for intial electron 
transfer for each of the 14 mutants relative to that 
‘of wild type (AXG%) are given in the Fig, 3 
Aegend and in table SI (22). 

Two lines of evidence suggest that the 


relative free enengy changes resulting from these 
fits are reasonab h of the double 
and tripke mutants tested, the overall AAG" is 


in fact very close to the sum of the individual 


fitting errors of about +3 meV. (Inset) Kinetics of L132LH and L131LH+NI16OLH over 3 220-ps time scale. (B) 
Transient absorbance change in the tryptophan absorbance band at 280 nm for the same reaction center 


‘samples as in (A) using 800-nm excita 


(lnset) The same transients on an 800-ps time scale. The 280-nm 


{transients shown are from quinone-contaning reaction centers, because mast ofthe mutants were not stable to 
‘quinone removal. However, over the frst 25 ps, the quinone has litle effect on the signal (fig. S$), and the 
tryptophan transients from quinone-removed reaction centers in the mutants where this was possible were all 
the same (30). In both (A) and (B), the measurements were performed at least 10 times for wild type and two to 


three times for all mutants shown, 
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ANG, ., (meV) 
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Fig. 4. The y axis describes the relative free 
‘energy change AAG%,, associated with the initial 
electron transfer reaction as determined via fitting 
with 2 reaction-difusion model for five of the 
‘mutants studied. Tis value could only be varied by 
23 meV before a significant decrease in fitting 
quality was observed. The x axis describes the 
change in the AAG», calculated from the PIP* 
‘midpoint potential for each mutation (26, 27). These 
‘mutations were selected because they are thought 
to predominantly affect the midpoint potential of 
the initial electron donor (P) and not the acceptor, 
‘making it possible to directly calculate the change 
in driving force for the reaction from the change in 
the P/P* midpoint potential (itis not possible to 
directly measure the midpoint potential of the 
initial electron acceptor in the reaction center), 
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AAG". In addition to this, for five of the mutants 
studied. it was possible to perform an independent 
chock of he AAG" vali Obtained by compari 
the AAG" with the eative fee energy difference 
determined from electrochemical measurements 
(of the reaction center (AAG pp, Fig. and table 
SI). In these mutants, only the PP™ midpoint 
potential (and not the midpoint potentials of 
By /Bq- oF Hy/H,-) are thought to change. There 
for, the rolative driving force foe each of these 
‘mutants should be directly relate! to the measured 
P/P* midpoint potential via, the Nemst equation 
(26, 27), AAG" y and AAG" pp. agree to within 
about 30 meV in all five mutants (Fig. 4), dan- 
‘onstatng tat the relative fice energies determina 
from the reaction-difasion formalis are in tine 
with independently measured values. 

‘These results provide strong experimental 
evidence for the concept that the complex. non 
‘exponential change separation kinetics in reaction 
centers largely reflect the time course of protein 
dynamics rather than the inherent electron transfer 
rite between Wo static states. This evidene 
supports the concep that protein movement plays 
aa key role in the kincties of the primary elect, 
transfer reaction, as previously moxdcked in struc- 
turally based simulations of electron transfer in 
rection centers (/4, 15). Apparently, the observed 
kinetics are determined by’ protein conformational 
changes initiated by the light absorption event 
rather than a staie barrier crossing between 10 
Potential surfaces. The dependence of eletron 
transfer dynamies on protcin movement kends a 
robustness to the electron transfer process that is 
likely very advantageous: changes in the local 
environment that alter the free energy of the 
change-sepuraed states (sich as membrane poten 
Ul, for example) will only have minor effects on 
the speed! and efficieney of the electron transfer 
reactions, because the protein effectively relaxes 
through a regime in which the activation energy is 
nearly zero, almost imespoctive of the initial 
‘energetics. Given the similarity of the core fea- 
tures ofthe photosynthetic complexes from bac: 
teria and plants, it is very likely that this 
fiamework hokls true for the initial el 
transfer reaction of photosynthesis in general and 
possibly for other protein-medited electron trans: 
fer reactions on similar time seales. 
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Reducing Endogenous Tau Ameliorates 
Amyloid B-Induced Deficits in an 
Alzheimer's Disease Mouse Model 


Erik D. Roberson,*?* Kimberly Scearce-Levie,” Jorge J. Palop,*? Fengrong Yan,” 


Irene H. Cheng," Tiffany Wu,” Hilary Gerstein,” Gui-Qiu Yu, 


Lennart Mucke™?* 


‘Many potential treatments for Alzheimer’s disease target amyloid peptides (AB), which are widely 
presumed to cause the disease. The microtubule-associated protein tau is also involved in the disease, 


but itis unclear whether treatments aimed at tau could block Afi 


juced cognitive impairments. Here, 


we found that reducing endogenous tau levels prevented behavioral deficits in transgenic mice 
‘expressing human amyloid precursor protein, without altering their high Al levels. Tau reduction also 
protected both transgenic and nontransgenic mice against excitotoxicity. Thus, tau reduction can 
block Als and excitotoxin-induced neuronal dysfunction and may represent an effective strategy for 


treating Alsheimer’s disease and related conditions. 


posits of amyloid peptide (AB) and 
tau are the pathological hallmarks of 
Alzhcimer’s discase (AD). Treatments 
aimed at AB production, clearance, or aggre 
tion ar all in clinical tals. However, interest in 


tau as a tanget has been muted, partly because 
tau pathology seems to oceur downstream of AB 
(Z-4), making it uncenain whether tau-dinocted 
therapeutics would prevent Ap-induced impair- 
‘ments. Also, tau is posttranslationally modified in 
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AD (5-)and debate continues about which mod- 
iffeations should be targeted, Reducing overall tas 
levels might be an alternative approach (9). As tau 
haplotypes driving slighily higher tu expression 
increase AD risk (U0), reducing 
be protective. Therefore, we detemmined the effec 
(of reducing endogenous tay expression on ogni 
cdficits in transgenic mice expressing human 
amyloid precursor protein (bAPP) with familial 
AD mutations tha 


mice (/2) and © with two 
(HAPP/Tau”""), one (hAPP/Tau”), oF no 
(HAPP VTi ngenious tau alleles, compared 
with Ti" and Tani mice without hAPP 
(13), Taw reduction did not affect hippocampal 
HAPP expression, and conversely, APP did not 
alleet hippocampal tau levels (fig. S1). The six 
eniotypes showed no differences in weight, gen 
‘eral health, basic reflexes, sensory responses, oF 
sgf038 motor function 

To test Keaming and memory, we used the 
Mortis water maze. Inthe cued version, mice eam 
to find the target plat using a conspicuous 
marker placed directly above it. At 4 to 7 
months of age, Tau”, Tau”, and Tau mice 
Feamed quickly, but as expected (4, 15), 
HAPP/Tau'”* mice took longer to master this 
task (Fig. 1A; ?°<0,001), In contrast, APP Tau” 
and APP/Tau™ mice performed at control 
levels 


hidden-platform version of 
mands spatial Ieaming. Mise 
Without hAPP leamed this task over 3 days of 
training roganiless of tau genotype, whereas 
HAPP/ Tn” mice showed no evidence of kaming 
until days 4 and $ (P< 0.001; Fig, 1B). Notably, 
HAPP/Tau’? mice were less. impaired than 
HAPP/Tiu'* mice (P < 002), and hAPPTa 

mice did not differ trom contrts without hAPP 
(Fig, 1B). Probe trials, in which the platform was 

1 


the pool, confinmed the ben 7 
rection (Fig. 1, C to E). [nan intial probe trial 
24 ho 3 days of training. hAPP/Tau™ 
mice haxl no apparent spatial memory of the 
platform location, crossing the target platform 
jon no more than they erossed equivalent 

in nontarget quadrants (Fig. 1D). How- 
APP/Ta- mice, similar to mice with- 


‘out APP, did cross the targct platform location 


more often (P< 0.01; Fig. 1D). Afler two ad- 
ditional days of taining, hAPP/Tau”™ mice also 
had more target than nontanget crossings (P 
(0.01), whereas hAPP Tia" mice still showed no 
spatial leaming and memory (Fig. 1E). Thus, the 
tau reduction ene dose-dependently ameliorates 
Ap-dependent water mize leaming and memory 
decits 
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Increased exploratory locomotor activity is 
seen afier entorhinal cortex lesions and may 
reflect deficits in spatial information processing 
(16, BAPP mice show similar hyperactivity (5). 
RAPP Tau” mice were hyperactive in the Y 
maze (P< 0.001: Fig. 2A),a new cage (P< 0.05; 
Fig. 2B), and the elevated plus maze (P< 0.001; 
Fig 2C). In contrast, these abnormalities were 
not seen in RAPP: Tau” and hAPP Tear 
(Fig 2. A to ©). To determine whether the 
benefits affonded by tau reduction were sustained, 
we examined older mice. Hyperactivity persisted 


Premature death of unclear etiology was 
aso observed in hAPP mice (P < 0.005; Fix 
8). Again, both APP Ten and APP. Ta 
mice were protected fiom this carly. mortality 
Thus, tau reduction prevented major AB-dependent 
adverse effects in hAPP mice, We examined sev- 
«ral plausible mechanisms by which tau reduction 
exert protective eflects and we eventually 
discovered an unexpected role for tau, 

We first ruled out the possiil 
reduction altered AB levels or ag 
reduction did not alter hAPP expression ( 


APP Tau” mice and remained absent in soluble ABj« or Afijag levels, or the ABy42' 

APP! Tau mice at 12 10 16 months (P< 0.05; ratio (fig, S2). In addition, hAPP Tin", HAPP Tian 
2D) and WAPP/Tau™ mice had similar plague load a 

Fig. 1. Tau reduction A @ 60) 

prevented water maze 50; 

deficits in hAPP mice i 

fh = 7 to 11 mike per 

genotype, age 4 to 7 

months). (A) Cued plat- 

form learning curves. Day i 10} i 

PB ropgl epabprd STa3 oTpaas 

baie habsten4 Day of Training Day of Training 

average of all daily trials. 

Performance differed by CG  Tau”*  — hAPP/Tau”* hAPP/Tau~ 


‘genotype (repeated mea 
sures analysis of vari- 
ance (RMANOVA): P< 
0.001; hAPP by tau in- 
teraction, P = 0.058). In 
posthoc comparisons, only 
APPYTou"* ciffered from 
‘groups without hAPP 
(P<0.001). (B) Hidden 
platform learning curves 
differed by genotype 
(RMANOVA: P < 001; 
APP by Tau interaction, 
P< 0,02). In post-hoc 
‘comparisons, hAPPTau"* 
difered from all groups 
without hAPP (P < 0.000) 
hAPPYToU*™ citfered from 
hAPPTou"* (P< 0.02) 
‘and groups without hAPP 
( < 00D; hAPPTas* 
difered from hAPP/Tou"* 
(P< 0.001) but not from 
‘any group without HAPP. 
(Cand D) Probe trial 24 
hours after completion 
of 3 days of hidden- 
platform training. (O Rep- 
resentative path tracings. 
(D) Number of target 


we - 


platform crossings versus crossings of the equivalent area in the three other quadrants differed by 
‘genotype (target crossing by genotype interaction, P < 0.001). In post-hoc comparisons all genotypes 
‘except hAPPTau"* and hAPP/Tau*~ exhibited a preference forthe target location over equivalent areas 


in the other three quadrants ("P < 0.0! 


P< 0.01; 


"P < 0,001). (E) Probe trial 72 hours after 


‘completion of S days of hidden-platform training. Target platform preference differed by genotype (target 
«crossing by genotype interaction, P< 0.001; target crossing by hAPP by tau interaction, P <0.05).In post- 
hoc comparisons, all genotypes except hAPP/Tau~"* exhibited a preference for the target location (*"P < 


0.01; “**P < 0,000). Error bars show SEM. 
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410 7 months (fig. S3)and 14 10 18 months(Fig. assembly linked to memory deficits (/%) (fig. 
3, A and B). We also found no effect of tau $4). Thus, the beneficial effects of reduci 
reduction on levels of AB*S6, a specific A tau were observed without detectable cha 


in AB burden, suggesting that tau reduction 
uncouples AB from downstream pathogenic 
mechanisms 


actas downstream ef 


Fis (2 fet enon opel: A B HAPP Tau” mie. Major AD-related phosphory- 
renignakscherinremtenaiye Mt =» oo) + ‘ation sites in human tau are conserved in murine 
Total arm entries during a 6-min bes pice shee eas Las 
" = irected kinases, such as glyeon synthase ki 
eplonton of tie mae i= 43 Ean ao} nase (GSK)-3f8 and edkS, or by microtubule 
fo 39 mie pet sane ope fa 7 ce alfinity-regulating kinase (MARK). Changes in 
q : genotype effect, 10] 22 se Sacre : 
< itera murine tau phosphorylation at these sites are easily 
ap ome cottons. A dst, fr example arbi hypothermia (20) 
tion, P<0,0001;*""P < 0,001 versus jee | lee ae ‘ me 
Groups without APP), (B) Percent- (fig. $4). However, in hippocampal homing 
age of time spent active ding ag eames D Tau Genotype of 4-40 T-month-okd hAPP Ta” mice, we did not 
Semin exploration ofa newcagen= Di: find changss in tau phosphon lation at protine 
71014 mice per genotype; age to E 5] tae z dirzgted kinase sites, including The", Ser 
7 months; ANOVA: genotype effect, 4 4 The”, and Ser, o¢ at the primary site for 
P< 0.01; hAPP by tau interaction, | | MARK, See (fig. $5). Generation of neuro- 
.05; *P < 0405 versus groups bf il toxic tu fragments has also been implicated as 
without RAPP). (C) Total distance mechanism of AB toxicity (22), Tavdeficien 
traveled in both open and dosed 4 3: primary ncuroe aro resistant to Ap-nduced do 
ams during a 10-min exploration & ol Ro generation (3, 22), apparently because Af tox 
of the elevated plus maze (n = 49 He ee iciy in vizo involves production of a 17-KD tan 
to.59 mice per genotype; age 4 to 7 ‘Ten Gonchpe nent (21), We confirmed the presence of 0 
months; ANOVA: genotype effec, E : at kn Kyssice of ABicroased 
1 
primary neurons, but found no abnonmal tau 
soos ito MPN) Taal aed cerseley apes 
distance traveled during explora- = 90] hE eee i Sy ere ence 
thonaf elevated pus maze n=6t0 Bg Prectve elo of tu run in the two 
is Wiper shsbne eanaainds sssems are mechanistically ifrent. The re 
‘months; ANOVA: APP effect, P< £80] lack of modified uishes our 
0.01; hAPP by tau interaction, 78) " 
0,079; *P <'005 vers groups & | wih mutations that cause frontotemporal demen- 
without RAPP). Error bars in (A) to tia, but not AD. in humans (2,4, 23). Inour study, 
(0) show SEM. (E) Kaplan-Meier ———— reduction of endogenous, wikl-type tau pro: 


iar a a 
survival cuves showing effect of rected APP mice against Afudependent cog. 
tau reduction on premature mor- ‘Age (months) nitive impairments, and this did not involve the 
tality in hAPP mice. All genotyped elimination of a large poo! of tau with typical 
mice in the colony (n = 887) were included in the analysis. By log-rank comparison, only RAPP/Tau"* — AD-associated! maxlifications, Our experiments 
imc differed from all other groups (P < 0.005). {do not rule out the possibilty that another type 


Fig. 3. Tau reduction did not change ApS plaque deposition, 
neuritic dystrophy, or aberrant sprouting. (AD Thioflavin-S 
staining of hippocampal amyloid plaques in hAPP mice. 
Percentage of hippocampal area covered by plaques was 
normalized to the mean value in hAPP/Tou"* mice n = 6 to 
11 mice per genatype; age 14 to 18 months). (B) Immunostain- 
ing of hippocampal Aji deposits in hAPP mice. Percentage of 
hippocampal area covered by plaques was normalized to the 
mean value in hAPP/Tau"* mice (n = 6 to 11 mice per genotype; 
‘age 14 to 18 months). (C) Double-labeting of hippocampus for 
dystrophic neurites (antibody 8€5, red) and amyloid plaques 
(thioflavin-S, green) in hAPP mice aged 14 to 18 months, with 
‘quantification of dystrophic neurites expressed as percentage of 
thioflavin-S—positive plaques with surrounding neuritic dystro- 
phy (7 = 9 to 11 mice per genotype). (D) GAPS3 immunostain- 
ing of aberrant axonal sprouting in the molecular layer of the 
dentate gyrus (oml, outer molecular layer; mml, middle Tou" hAPP/Ta** hAPPITou~ hAPP/Tau* 


molecular layer; imi, inner molecular layer; dgc, dentate granule 20 
cells). Bracket highlights GAP43-positve sprouting in the outer 15) 
molecular layer of hAPP mice. Sprouting was quantified by fi 
densitometry and normalized to the mean value in Tau"* mice aos 
(n=7 to 14 mice per genotype; age 4 to 7 months; **P< 0.001 " 7 


Versus groups without hAPP). Error bars show SEM. 
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‘of tau modification, oF a small pool of mioxiied 
tau in a restricted subcellular compartment or 
cellular population, could play a role downstream 
of AB 

‘To begin aldressing this possibilty, we stained 
brain sections tom Tau” and hAPP Tan” mice 
With phospho-tau antibodies. We saw tithe dif 
ference overall between Tau’ and BAP Tau 
in phospho-tau immunoreactivity, but we 
‘observe scattered phospho-tau-positive 
punctae in dystrophic neurites surrounding amy- 
Joi plaques (fig. $7), We thus wondered whether 
the benefits of tau reduction in hAPP mice could 
ate to prevention of neuritic dystrophy, which 
may contribute to AD-related cognitive decline 
(24), Despite the differences in their behavior, 
WAPPTau"™*, HAPPITau”™, and RAPP Tae 
mice had similar amounts of neuritic dystrophy 
 3C), Thus, tau is not required for the 
formation of plague-associated dystrophic neu 
rites. Given that tau reduction prevented behay= 
ioral deficits but not neuritic dystrophy, these 
may represent parallel, rather than causally 
linked, disease manifestations, or tau reduction 
may act downstream of neuritic dystrophy 

‘Tau has a welkcharacterized role in axonal 
‘outgrowth (12), so we tested whether tau re= 
duction prevented the aberrant sprouting of 
hippocampal axons observed in AD (25) and 
HAPP mice (18), Similar degrves of sprouting 
Were observed, regardless of tau genotype (Fig, 
3D). Thus, although tau reduction aflected impor 
lant outcome measures related to Aprinduced 
neuronal dysfunction, not all effects of ABS were 


blocked 
A 


mic 


di 


Fig. 4. Tau reduction 
increased resistance to 
‘excitotoxin-induced sei- 
ures, (A) Tau reduction 
lowered seizure severity 
after a single intraperi- 
toneal injection of PTZ 
(40 mg/kg; n= 10 to 11 
mice per genotype; age 
4 to 7 months; ANOVA: 
tau effect, P< 0.0001), 
Seizures were less se- 
vere in hAPP/Tau* 
‘and hAPP/TaU™- mice 
than in RAPPITau"”* mice 
(P< 0.01 versus 
haPP/Tau*’). Seizures 
were also less severe in 
Taxi mice than in Tau"* 
mice ("P< 0.01 versis 
Tau"), (B and © Latency 
to reach each stage of 
seizure severity after PTZ 
administration, (B) PTZ- 


earnesae 


C. 
ie 


: 


ni 


VEPEVERET) 
Seizure Severity 


Excitotoxicity is implicated in the pathogenc- 
sis of AD (26, 27). Consistent with the increased 
incidence of seizures in AD paticnts (2 
TgCRNDS APP mice are more susceptible 
to the y-aminobutyric acid type A (GABA) 
receptor antagonist pentylenetetrazole (PTZ) 
(29), Using a similar paradigm, we found that 
BAPP’Taur”* mice were also abnonnally sensitive 
to PTZ, with 20% suffering fatal status epilepticus 
at a dase that was not Kthal to mice without 
BAPP (P < 0.05). Tau reduction prevented this 
effect, as no HAPP: Tau” or HAP Tau mi 
died. Seizures in hAPP/Tau"~ and HAPP'Ti 
mice were less severe and occurred at longer 
latencies than in hAPP/Tau™* mice (P< 0.01; 
Fig. 4, A and B), 

Tau reduction also increased resistance to 
PTZ in HAPP-nontransgenic mice, lowering 
seiawe severity and delaying seizure onset (P 
0.01; Fig. 4, A.and C). To confirm that tau rede: 
tion could reduce aberrant neuronal overexcita- 
tion, we challenged mice with excitotoxic doses 
‘of the glutamate receptor agonist kainate. As ex- 
pected, intraperitoneal injection of kainate do 


dependently induced seizures in Tau” mie (Fig. 
4D) In contrast, au”~ and Tau mice were re- 
sistant to kainate across a range of doses (P< 


(0.05: Fig. 4D), Thus, tau modukites sensitivity to 
excitotoxins and may be involved in regulating 
neuronal activity. The excitoprotective effect of 
tau reduction in mice without hAPP isn 
likely related to a physiological function of tau 
than to the removal of a pathological form of 
the protein, Sensitization of neurons to AB by 
physiological forms of tau could explain why 


| al 


0 2 30 40 
Kainate Dose (mg/kg) 


induced seizures occurred more rapidly in hAPP/Tau"* mice than hAPP/Tou" and hAPP/Tou"* mice 
(RMANOVA: P <0.01). (O Tau reduction also slowed the onset of PTZ-induced seizures in mice without 
APP (RMANOVA: P < 0.001). Error bars in (A) to (©) show SEM. (D) After a single intraperitoneal injection 
of kainate at the doses indicated, occurrence of generalized tonic-clonic seizures was scored. Tau 
reduction lowered susceptibility to kainate, shifting dose-response curves to the right (n = 19 to 24 mice 
Per genotype; age 2 to 5 months; logistic regression: P < 0.05). 


www.sciencemag.org 
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tau reduction is effective in hAPP/Tiau'"* mice 
despite their lack of obvious tau modifications. 

Gur findings raise the possibility that tau re- 
duction could protect against AD and other neu- 
ological conditions associated wit excitotoxicity 
OF course, the therapeutic implications of our 
findings must be interpreted with caution, Firs, 
there are differences between the mouse model 
and AD, including the absence of substantial 
neuronal loss or neurofibrillary pathology’ in 
RAPP mice. The contribution of these abnor- 
malities to AD-related 
relative to the role of reversible AB-induced neu- 
ronal dysfunction that is modeled in hAPP mice, 
remains to be determined (30). Second, micto- 
deletions of chromosome 17q21 encompassing 
the tau gene are associated with learning dis- 
abilities in humans (3/), although abnormalities 
in these individuals may rel 
‘ether genes in the region, such as the corticotropin- 
releasing hormone receptor gene, which is im- 
plicated in neuropsychiatric disease (32), We 
found no adverse effects of tau reduction on 
‘health or cognition in mive, and the evidence that 
«ven partial tau reduction robustly protected m 
fiom AB and excitotoxic agents highlights 
potential benetits, 
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Regulation of NF-«B Activation in 
T Cells via Association of the Adapter 
Proteins ADAP and CARMA1 


Ricardo B. Medeiros,** 
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randon J. Burbach,™* Kristen L. Mueller, 
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The adapter protein ADAP regulates T lymphocyte adhesion and activation. We present evidence for a 
previously unrecognized function for ADAP in regulating T cell receptor (TCR)~mediated activation of 
the transcription factor NF-xB. Stimulation of ADAP-deficient mouse T cells with antibodies to CD3 and 
CD28 resulted in impaired nuclear translocation of NF-x'B, a reduced DNA binding, and delayed 
degradation and decreased phosphorylation of IB (inhibitor of NF-x-). TCR-stimulated assembly of the 
CARMA-BCL-10-MALT1 complex was substantially impaired in the absence of ADAP. We further 
identified a region of ADAP that is required for association with the CARMAL adapter and NF-x'B 
activation but is not required for ADAP-dependent regulation of adhesion, These findings provide new 
insights into ADAP function and the mechanism by which CARMAJ regulates NF-xB activation in T cells. 


dapier proteins nuckate multimokeeular 
Ase that are essential for effee- 

ive transmission of intracellular sign 
during an adaptive immune response (1), In T 


Jymphoeytes, the adhesion- and degranulation: 
promoting adapter protein (ADAP) regulates T 


cell receptor (TCR) dependent changes in the 
funetion of iewegrin adhesion receptor (2, 3). 
ADAP-deticient (ADAP™ ) T cells ae exhib 
mpairel proliferation and cytokine production 


ation of the TCR and the CD28 ¢o- 
3), Stimulation of these 
n of the NF-<B family 


aler 
stimulatory receptor ( 

receptots Kcads to activa 
‘of transcription factors, which are critical for T cell 
activation and survival (4). multiprotein complex 
consisting of the membraneassociated adapter 
protein CARMAL (5, 6), the caspase-tike protcin 
MALT1 (7,8), and the adapter protein BCL-10 (9) 
is critical for TCR dependent activation of the IxB. 
kinase complex and subsequent NF-xB nuckar 

on (10) 

DAP-lelicient T cells, protein kinase 
CO (PKCO)-deficient T cells exhibit defective 
TCR-mediated proliferation, even though peas 
imal TCR signaling events, such as extracellue 


Jar signal-regulated kinase (ERK) activation, 
are normal (//), Therefore, we examined PKC 
dependent signaling in ADAP T cells (72), 
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Membrane localization of PCO was similar in 
ADAP“ and ADAP” Tells upon stimulation 
With antibodies to CD3 and CD28 (Fig. 1, A 
and B), Stimulated ADAP" and ADAP” T 
cells also showed similar levels of PKCO 
phosphorylation (Fig. 1C). Thus, ADAP is not 
required for TCR signaling events leading to 
and including PKCO activation, Because PKCO 
vation downstream of the 
TER (11, 13), we next examined NF-xB signal- 
ing in ADAP™ T cells, Image scanning low 
eytometry (/4, 15) (fig, S1) revealed a striking 
defect in p6S nuclear translocation ater stim 
lation of ADAP Iymph node T cells (Fiz. 2, 
A and B) oF CD4 T cells (fig. $2) by CD3 and 
CD2¥ (CD}CD2B). In contrast, no impairment 
in NE-<B activation was detected alter stimula 
tion with tumor necrosis factor-«r (TNF), wih 
activates NF-xB independently of the TCR 
These resus were confined with elsctrophorctic 
mobility shift assays (Fig, 2C). ADAPT cells 
also displayed detective NF-xB tration aller 
treatment with phorbol 12-myrisite 1 

(PMA), which activates PKC (Fig. 2, A and B) 
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Fig. 1. TCR-dependent membrane localization and activation of PKCO in ADAP ~~ T cells. (A) 
Localization of PKCO (bottom) in ADAP*™ and ADAP~ T cell to the contact site with beads coated with 
antibodies to CD3 and CD28. Differential interference contrast (DIO) images are shown in top panels. 


(B) Quantification of PKC® localization. T cell-bead 


Conjugates (minimum 90 per group) were scored 


for PKCO polarization from two independent experiments. Graph shows the average percent of T cell 
bead conjugates with polarized PKCO (25D). (C) Phosphorylation of PKCO after CD3/CD28 stimulation 
‘of ADAP*~ and ADAP~~ T cells for the indicated time points was assessed by Western blotting of whole- 
«ell lysates with antibody to phosphorylated PKCA (Thr) (top panels). Blots were also probed with 


antibody to fractin (bottom panels). 
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CD3/CD28 stimulation of ADAP” T cells ako 
resulted in reduced induction of intercellular ad- 
hesion motecule-I (ICAM-1), whieh is encoded 
by a NF-xB regulated gene (16) (Fig. 2D), 
We also examined signaling events proximal 
to nuclear transboeation of the poS NF-<B 
subunit in ADAP” T cells. In resting T cells, 
NF-XB subunits are sequestered in the eyto- 
plasm via interactions with IxBa (4), Relative 
to ADAP*” T cells, CD3/CD2S stimulation of 
ADAP" T cells led to a delay in IxBa deg- 
radation and decreased 1B phosphorylation 
ri ul fig, $3). Consistent with previous 
results (2, 3), the kinetics of ERK. phosphoryl: 
ation alier CD3/CD28 stimulation were not 


NEB TAAD sity 
ADAP 


Fig. 2. Activation of the NF-xB pathway i 


affected by loss of ADAP (Fig. 2E). Activa- 
tion of the IxB kinase (IKK) complex, which 
phosphorylates IxBa, was also impaired after 
CD3/CD28 stimulation of ADAP™ T cells (ig. 
S4). Thus, ADAP acts as a positive regulator of 
TCR-dependent NF-XB activation, downstream 
‘of PKCD yet upstream of IKK activation, IxBar 
degradation, and NF-xB subunit translocation. 
‘We next examined the role of ADAP in in- 
ducible membrane localization of BCL-10, 
MALTI, and CARMAL (/7, 18). tn unstimu- 
lated ADAP or ADAP™ T cells, only low 
levels of BCL-10 and MALTI were detected in 
membrane fractions (Fig. 3), CD¥CD28 or 
PMA stimulation of ADAP" T cells, but not 


Tax w mnie OT ae 


jred in ADAPT cells. (A) ADAP and ADAPT 


cells were unstimulated (unstim.) or stimulated for 10 min with antibodies to CD3 and CD28, PMA, oF 
TNF-u, stained with 7-AAD and fluorescein isothiocyanate-conjugated antibody to p65, and analyzed 
‘on a multispectral imaging flow cytometer (15). Histograms show the NF-xB-7-AAD similarity index, 
which reflects colocalization of the 7-AAD and p65 signals in the population of T cells analyzed. 
‘Marker values indicate the percentage of T cells in each sample with translocated p65. (B) Nuclear 
localization of p65 in unstimulated T cells was set to 1; results show the average increase (2SD) in p65 
nuclear translocation in stimulated T cells relative to unstimulated T cells for four independent 
‘experiments. (C) Electrophoretic mobility shift assay (EMSA) of NF-<B in ADAP“ T cells. ADAP™~ or 
ADAP lymph node T cells were stimulated with antibodies to CD3 and CD28 for the indicated time 
periods (in minutes), or for 10 min with PMA and fonomycin (Pt) or with TNF-x. Nuclear extracts were 
prepared and EMSA was performed with a bioti-labeled NF-<B probe. (D) ADAP’ and ADAP~~ 
lymph ode T cells were stimulated in vitro with antibodies to CD3 and CD28 for 24 hours. Cells were 
harvested and ICAM-1 expression on CD4 T cells was determined by flow cytometry. (E) IxBu 
‘degradation and phosphorylation. ADAP and ADAP~ T cells were either unstimulated or stimulated 
as in (C) belore lysis. Lysates were analyzed by Westem blotting with antibodies specific for IxBar, 


phosphorylated IxBo, phosphorylated ERK, ERK2, 
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or fiactin. 
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ADAP T cells, resulted in enhanced mem 
brane localization of both BCL-10 and MALTI 
(Fig. 3A), ADAP also localized t0 the mem 
‘rane in stimulated ADAP" T cells (Fig. 3A) 
The kvels of CARMAL in. membrane facto 
‘were comparable between ADAP” and ADAP” 
T cells both before and afier stimulation (Fig, 
3A), consistent with previous results (17), Thus, 
ADAP is critical for the activation-tependent 
‘membrane localization of BCL-10 and MALT! 

To define potential interactions between 
ADAP and the CARMAI-BCL-10-MALTI 
signaling complex, we performed coinmunopre- 
ipitation experiments. ADAP could be immuno- 
precipitated only from membrane fractions 
‘olated from activated T cells (Fig. 3B). Co- 
immunoprecipitation of CARMAL, BCL-10, and 
MALT! with ADAP was observed fiom stimu 
{ated membrane fractions of either Iymph node T 
cells (Fig. 3B) or purified CD4 T cells (fig. SS), 
Similarly, MALT1, BCL-10, anid ADAP coimmu- 
noprecipitatal with CARMAL only after T cell 
stimulation (Fig. 3B). However, in activated 
ADAP™ Tells, MALT-1 and BCL-10 did not 
coimmunoprecipitate with CARMAL (Fig. 3B), 
and CARMAL and MALT-1 did not coimmuno- 
precipitate with BCL-10 (Fig. 3C and fig. S6), To 
confirm that ADAP is required for inducible 
complex assembly, we used resting T-cells ex- 
pressing the hCAR adenovirus receptor to permit 
adenoviralmediated expression of ADAP (19), 
ADAP reexpression in ADAP” T cells restored 
‘oimmunopreeipitation of CARMAL and MALT 
with BCL-10 aller CD3CD28 or PMA stimule 
tion (Fig, 3C). Thus, ADAP is a component of the 
CARMAL BCL-10-MALTI complex and is 
required for normal complex formation. 

We next examined interactions betwe 
ADAP and purified BCL-10, MALTI, and 
CARMAL, A glutathione Sransferase (GST) 
ADAP fasion protein interacted in vito with 
purified CARMA, but not with purified BCL-10 
or MALT! (Fig. 3D) A truncated form of 
CARMAL (CARMA1/6S1-1147) containing just 
the C-terminal PDZ. SHB, and GUK-like domains 
typical of membrane-associated guanylate kinase 
(MAGUK) family proteins (20) (Fig. 3E) also in- 
teracted with GSTADAP in vitro (Fig. 30). Thus, 
the interaction of ADAP with CARMA isnot de- 
pendent on the easpise-eeruiting domain that me- 
fates the interaction of CARMA with BCL-10, 
Colocalization of ADAP with CARMAL was 
also observed at the contact site between wild- 
type Tells and beads costed with antibodies to 
CDS and CD28 (fig. S7). 

‘Truncation and deletion mutants of ADAP 
were used to define sites within ADAP critical for 
its interaction with CARMAL (Fig. 4A), Wil- 
type and mutant forms of hemagglutinin (HA) 
gpitope tagged ADAP were immunoprecipitated 
fiom transiently transfected Jurkat T cells after 
PMA stimulation, and these immunoprecipitates 
‘were analyzed for the presence of coimmuno- 
precipitating BCL-10, MALTI, and CARMAI 
proieins (Fig. 4B). Wikltype ADAP and an 
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Fig. 3. ADAP is critical for the assembly of the CARMA1-BCL-10-MALT1 complex and associates 
directly with the C-terminal end of CARMA2. (A) ADAP*™ and ADAP~- T cells were either unstimulated 
(U) or stimulated with antibodies to CD3 and CD28 (328) or with PMA (P). Cytosolic (Cyto) and 
membrane (Memb) fractions were prepared from each cell sample and analyzed by Western blotting 
with the indicated antibodies, (B) Membrane fractions were prepared from unstimulated and stimulated 
ADAP" and ADAP~™ T cells as in (A). ADAP or CARMA was immunoprecipitated and the immu- 
noprecipitates analyzed as in (A). (C) T cells isolated from ADAP” and ADAP~~ transgenic mice 
‘expressing the hCAR adenovirus receptor were transduced with control adenovirus encoding ThyL.1 
(ati) or adenovirus expressing wild-type mouse ADAP and Thyl.1 (ADAPw). T cells were then left 
unstimulated or were stimulated with antibodies to CD3 and CD28 or with PMA before lysis and 
‘immunoprecipitation with a monoclonal antibody (mAb) to BCL-10. immunoprecipitates were analyzed 
by Western blotting as in (A). (D) Interaction of ADAP with CARMAL in vitro. GST only or GST-ADAP 
fusion proteins were incubated with in vitro transcribedtranslated BCL-10, MALTL, CARNAL, or 
truncated FLAG epitope-tagged CARMAW/651-1147. GST pull-downs were analyzed by Western blotting 
for the presence of the indicated proteins. An equivalent amount of the purified proteins used in the 
pull-down assays, along with a sample from in vitro transcription and translation reactions using 2 
control vector (vec), were analyzed in separate gels (input). (E) Diagram of CARMA and CARMAL/651- 
1147 constructs used in (0). 
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ADAP mutant lacking the N-terminal 327 
amino acids (ADAPAI-327), but not an ADAP 
‘mutant containing only the Nerminal 426 amino 
acids (ADAP-426), coimmunoprecipitated the 
CARMAL-BCL-10-MALTI complex. (Fig. 
4B), The CARMAL binding site in ADAP was 
mapped to a region of ADAP between amino 
acids 426 and S41 (Fig, 4A), because a deletion 
‘mutant of ADAP lacking this region (ADAPA426- 
S41) was completely unable 10 coimmunopre- 
Gipitate the CARMA1-BCL-10-MALTI complex 
(Fig. 4B), This region of ADAP contains the 
‘N-terminal helical SH3 (HSH3) domain (2/-23) 
between amino acids 482 and S41, and an adjacent 
region rich in Glu and Lys residues (E/K-tich 
region) between amino acids 426 and 481, ADAP 
deletion mutants lacking cither the N-terminal 
RSH domain (ADAPA482-541) or the E/K- 
rich region (ADAPA426-481) (Fig. 4A) showed 
weak coimmunoprecipitation of the CARMAL 

BCL-10-MALTI complex relative to wikltype 
ADAP (Fig. 4B), A. GST-ADAP fusion protein 
expressing both the HSH domain and the E 
rich region of ADAP was able to associate with 
the truncated CARMAW6S1-1147 protein in 
vito (ig. SS), which suggests that this region 
of ADAP is sufficient for CARMA association, 

Expression of wikhtype ADAP in resting 
ADAP” T cells restored the ability of PMA 
(Fig. 4C) or CD3CD28 stimulation (Fig, 4D) to 
induce nuclear translocation of p68, ADAP ex- 
presion in transduced T cells Was verified by 
intracellular flow cytometry (fig. S9), Expression 
of the ADAPAI-327 matant, but not the ADAP- 
426 mutant, in ADAPT cells was also abe 0 
fally restore CD3CD2%¢nediated NF-KB tase 
Jocation (Fig 4D), In conta, the ADAPAA26-S41 
deletion mutant didnot restore CD3CD2 
‘mediated NF-&B translocation aller expression 
Expression of either 
the ADAPAA26-481 or ADAPAAS2-S41 deletion 
mutants partially restored NE-KB.p6S- nuclear 
translocation (Fig. 4E). 

ADAP also regulates TCR-matiated integrin 
3) and thas ADAP™ cells exhibit 
impaired integrin-dependent conjugate forma- 
tion with antigen-pulsed antigen-presenting cells 
(24) (Fig. 4F), Expression of either wild-yp 
ADAP orthe ADAPA426-S41 mutant in ADAP 
T cells restored TCR-induced conjugate forma. 
tion to levels observed in control T cells (Fig. 4F). 
‘Thus, the region of ADAP between amino acids 
426 and 541 is critical for NF-sB activation but 
is not required for the regulation of integrin- 
dependent conjugate formation, 

We have identifi a novel function for ADAP 
in the regulation of NF-xB activation in Tells, We 
Propose thatthe association between the C-terminal 
end of CARMAL andthe region of ADAP between 
amino acids 426 and 541 is critical for assembly of | 
the CARMAL-BCL-10-MALTI complex. at the 
membrane. ADAP may provide mechanisms 
for membrane localization and stabilization of 
the CARMAL-BCL-10-MALTI complex, as the 
(Caeminal ADAP hSH3 domain can associate 
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4. The region of ADAP con- 
taining the N-terminal helical 
‘SH3 domain and an Ek-tich re- 
‘gion i critical for ADAP-CARMAL 
association and TCR-dependent 
activation of NF-xB, but & dis- 
pensable for ADAP-dependent 
regulation of antigen dependent 
‘conjugate formation. (A) Dia- 
‘gram of the HA-tagged ADAP 
truncation and deletion mutants 
used in this study. Numbers in- 
dicate amino add position in 
mouse ADAP. Asterisks indicate 
Tyr residues (amino acids 547/ 
549, 584, 615, and 687) im- 
plicated in ADAP binding to the 
SUP-76 adapter protein, (B) 
Jurkat T cells were transiently 
transfeced with the indicated 
WAADAP constructs and. then 
stimulated with PMA before im- 
‘munoprecipitation with BCL-10 
mAb, followed by Wester blot- 
ting with antibodies. specific 
for the indicated proteins. (C) 
T-cells isolated from ADAP" 
‘and ADAP“ CAR. wansgenic 
rice were transduced with con- 
trol adenovirus encoding Thyl.2 
(ets0 or adenovirus encoding 
wild-type ADAP and ThyL.t 
(ADAPWH). Celis were either un- 
stimulated or stimulated with 
PMA or TNF before analysis 
‘of NF-xB p65. nuclear trans- 
location as in Fig. 2. (D and 
T cells isolated. from ADAPY* 
‘and ADAP CAR transgenic 
mice were transduced as in (O 
with either a contro adenovirus 
‘or adenovirus encoding the in- 
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dicated ADAP constructs. Cells we 
were either unstimulated or 
stimulated with antibodies to CD3 and CD28 before 


rucear translocation, Graphs show the average increase (5D) in p65 nuclear 
translocation in stimulated relative to unstimulated T cells for three [(C) and 
(6)] oF two (D) independent experiments. (F) T cells isolated from ADAP** 


\with membrane phospholipids (22). The inter 
act ADAP with the MAGUK region of 
CARMAL may also alter intramolecular in- 
tentetions within CARMAL (25, 26), thereby 
promoting recruitment of BCL-10 and MALTL 
The region of ADAP critical forassociation with 
CARMA is not required for ADAP-dependent 
regulation of integrins (2, 3), which involves the 
association of ADAP with the SKAP-SS and 
SLP-76 adapters (27-29), Two biochemically 
istinet pools of ADAP can be identified in 
'D3/CD2-stimulated T cells: one that ineracts 
with the CARMAI-BCL-10-MALTI complex, 
sand one that interacts with SLP-76 (fig. SIO). In 
contrast, CARMAL is required for NF-xB 
activation (2, 3, 30, 3/) but is not required for 
ate formation (32). Thus, ADAP serves 
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Oe 
analysis of NEXB p65 


distinet roles downstream of the TCR that 
promote functions critical to T cell immune 
Responses. 
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Specialized Inhibitory Synaptic 
Actions Between Nearby Neocortical 


Pyramidal Neurons 


‘Ming Ren, Yumiko Yoshimura, Naoki Takada, Shoko Horibe, Yukio Komatsu* 


‘We found that, in the mouse visual cortex, action potentials generated in a single layer-2/3 


pyramidal (excitatory) neuron can reliably evoke large, constant-latency 
‘cutrents in other nearby pyramidal cells. This effect is mediated by axo-axoni 


bitory postsynaptic 
notropic glutamate 


receptor-mediated excitation of the nerve terminals of inhibitory interneurons, which connect to 


the target pyramidal cells, Therefor 


individual cortical excitatory neurons can generate inhibition 


independently from the somatic firing of inhibitory interneurons. 


naptic inputs onto their somatoxkenditic 
lomains, which control the generation of 
action potentials propagating through the axonal 
arbor to axon terminals, at which signals are 
transmitted to postsynaptic neurons. Act 
Potential dependent transmitter release fom axon 
terminals is modulated by ionotropic glutamate 
and y-aminobutyric acid (GABA) receptors 
that are present, either synaptically or extrasyn~ 
aptically, on the axon teminals (7, 2) 

We used dual whole-cell recording under mi- 
ceroscopic observation to study synaptic eonnec- 
tions from pyramidal and) nonpyramidal neurons 
to nearby (<75 jum) pyramidal ncurons in kay 
fof the mouse visual cortex (3). Single 
potentials in a pyramidal neuron could precuce 
inhibitory postsynaptic current (IPSC)-Hike out- 
‘ward cuments in another pyramidal neuro bel at 
the reversal potential (0 mV) of excitatory post- 
synaptic curents (EPSCs) (Fig. 1A), These currents 
\were evoked by individual action potentials with 
relatively constant latencies that were comparable 
to those seen in moncaynaptic connections (Fig, 
1A), The responses were abolished by bath appli- 
cation of the GABA ype A (GABA) receptor 
antagonist bicuculline methiodice (BMI) (20 4M) 
eversal could then be abolished again 
tion of the non-N-methyl-D-aspartate 
(NMDA) glutamate receptor antagonist 23-diowo- 
‘6-nitro-1.2,3.4-4etrahydrobenzof}quinoxaline-7- 
sulphonamide (NBQX) (10 uM, 7 = 6 neuron 
pairs), indicating that they were polysynaptic 
IPSCs (Fi. 1B). 


I the mammatian brain, neurons integra 


Deparment of Neuroscience, Research nstute of Enon 
‘mental Medicine, Nagoya Univesity, Nano 464-8601. japan. 
“To whom correspondence should be addressed. Ema: 
komatsu@riem.magoya-uac.ip 


4 MAY 2007 VOL 316 SCIENCE 


‘To further characterize these interpyramidal 
IPSCs (ip IPSC), we compared them with 10 
kinds of monosynaptic currents: unitary EPSCs 
(UEPSC) recorded from pyramidal neuron pairs 
at the reversal potential (-70 mV) of IPSCs 
(Fig 1C) and unitary IPSC’ (ulPSCs) from non- 
‘pyramidal nowrons to pyramidal neurons (Fig. 1D). 
In pyramidal ncuron pairs, the probability of de- 
{ecting an ip IPSC [28% 31 out of 110 (31/110), 
\was slightly higher than that for the detection of 
an EPSC (22%: 24/110). NBQX blockad ip 
IPSC’ in all of the tested pairs (= 27 ), Recip- 
rocal interpyramidal inhibitory connections were 
never observed. Six pairs had both inhibitory and 
excitatory connections. The direction was the 
same for three pairs and opposite for three pairs 
In these pyramidal ncuron pairs, patch pipettes 
containing a Cs"-based intemal solution were 
used for recording from both pre- and postsyn- 
aptic neurons, Similar ip IPSCs were also 
recorded with a K”-based intemal solution (fig 
SI). Recordings from pairs involving an inhibi- 
Tory neuron and a pyramidal neuron had a 
detection probability for ul SCs of 32% (19160), 
\hich was slightly higher than that for ip IPSC 

The amplitudes of ip IPSCs were signifi 
cantly tanger (P < 0,01) than those of ulPSCs 
(Fig LE), and their time course was similar to 
that of ulPSCs (Fig. 1, A and D. and fig. S2) 
Although the average latency of ip IPSC was 
icantly (P< 0.02) longer than that of either 
UuIPSCs or UEPSCs, it was distributed in a wide 
range that included latency values for the two 
monosynaptic connections (Fig. 1F). Ifip IPSCs 
resulted from conventional polysynaptic activa 
tion involving action-potential generation at the 
somata of inhibitory neurons. the expected vari- 
ation in latency for each pair should be far anger 
than that in monosynaptic connections. How- 


«ver, the coefficient of variation of their late 
\vas indistinguishable (P'> 0.2) from those for 
Gither uEPSCs or ulPSCs (Fig. 1G), suggesting 
that they were unlikely to be mediated by the gene 
«zation of somatic action potentials in inhibitory 
Jntemeurons, Consistent with this supposition, the 
failure rae of ip IPSCs was not significantly dit 
ferent (P > 0.1) fiom that of ulPSCs or uEPSCs 
(lig. $3). This interpretation is also supported by 
the observation that unitary exeitaory inputs 
alone induce only small postsynaptic response 
that are subthreshold for action-potential genera- 
tion in inhibitory interneurons (4-7), Thus, we 
hhypothesized that ip IPSC are generated by 
dircet excitation of the presynaptic terminals of 
inhibitory neurons, which in tur connect to the 
tanget pyramidal neuron (Fig, 2A). This mechi- 
nism implies that the axo-axonic synaptic ta 
mission must be strong enough to release GABA 
inwmodiately from the inhibitory terminals, If this 
synaptic transmission is very strong, extrirdi- 
nly quick depolarization would occur atthe 
terminals because oftheir small volume and lack 
of song fering effects on input signals seen in 
ndites. This may, at least in par, exp the 
short latency of ip IPSCs, together with the abe 
senee of conduction time in interneurons. We 
tested this hypothesis, as described below 

IF such excitatory axo-awonic synapses are 
resent the frequency of ministre IPSCs(mlPSC) 
reconded fiom pyramidal cells in the presence of 
1M tetrodotoxin (TTX), a sodium channel block 
«may be affected by glatamatengic agents. Bath 
application of glutamate (10 4M) significantly (? 
(0.02) increased the frequency of mIPSCs without 
any significant (?> 06) changes in their amplitude 
(Fig. 2, B, D, and E), Similar facilitative efits 
were proxtuced by the selective activation of 
AMPA receptors with AMPA (1 iM) and Kain 
receptors with (/85)-2-amino-343-hydrony-S-terf= 
‘urylisoxazol-tyl)propanoic acd (ATPA) (1 uM) 
(8) oF a low dese 2000 nM) of domoie acid (%, 
saaggesting that both AMPA and kainate receptors 
cantibute to the facilitation of mIPSC frequency 
(Fig. 2, D and E), We confirmed this supposition 
‘with a pharmacological blockade ofthese receptors 
(Gig. S4). The effect of these receptors may be 
mediated by the depolarization of nerve terminals, 
because the facilitation of mIPSC frequency was 
‘ot found in the presence of CoP, which blocks 
voltage-gated Ca? channels, and because the 
metabotropic action of kainate receptors was not 
involved inthis proosss (lg. SS). 

The application of NBQX significantly (P < 
002) reduced the frequency of mIPSCs without 
any significant (P > 0.9) changes in their ampli- 
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tude in contol solution (Fig. 2, C, D, and Ein 
cating thatthe basa level of extracellular glutamate 
facilitates: mIPSC frequency. The activ 
AMPA and kainate reveptors on inhibitory pre- 
synaptic terminals incresses or decreases evoked- 
IPSC’ in various connections (/0-18),Itis likely 
that inhibitory synaptic transmission is not af 
by the basal level of extracellular glutamate 
in our experimental condition because NBQX ap- 
plication produced no change in ulPSCs (fie. S6), 
Excitatory synaptic transmission seems to be 
mediated mostly by AMPA. receptors in. nco- 
cortical inhibitory intemeurons (6). We confined 
that AMPA (but not kainate) receptors mediated 
‘excitatory synaptic transmission from pyramidal 
to nonpyramidal neurons (fig. S7). Thus, an in- 
vestigation of glutamate reeeptors involved in ip 
IPSC muy provide important information on the 
Validity of our hypothesis, We conducted addi- 
tional dual whole-cell recordings from pyramidal 
neurons, In all of the tested pans with fatenc 
shorter than 3 ms (1 = 6 pairs), ip IPSCs were not 
affected by the AMPA receptor antagonist SYM 
2206 (30 uM) (19, 20), but they were reducad 
substantially by the subsequent application of 
SYM 2081 (1 jiM, 17 = 6), a kainate receptor 
Figand that causes potent receptor desensitization 
(19, 21) (Fig. 3A anid fig. S8A), In 10 eases of 
these pair recondings, the responses. we 
pletely abolished by further application of UBP 
301 (50 jiM), a kainate receptor antagonist (22). 
In the pairs with latencies longer than $ ms 
(1 10 pairs). most jp IPSC were completely 
abolished by SYM 2081 (= $) (Fig. 3B) oF UBP- 
301 Gr 3) (fig. SXB). Inthe remaining two pairs, 
ip IPSC were partially blocked by SYM 2081 
(about half of the contol amplitude) and the 
remnaining. responses were completely abolished 
by the subscquent application of SYM 2206, In 
adkltion, longetateney ip IPSC were completely 


Fig. 1. Comparison of ip 
IPSC with unitary EPSCs and 
IPSCS. (A) Action potentials 
elicited ina pyramidal cell 
produced 1PSCs, but not 
EPSCS, with a constant laten- 
‘gin another nearby pyram- 
idal cell. The traces show 
superimposed (n = 5) spikes 
elicited by depolarizing volt- 
age pulses in the source cell 
(top) and superimposed 
(middie, n = 5) and average 
(bottom, n = 50) post- 
synaptic currents recorded 
from the target cell at the 
holding potential (V) of O mV 


(lef) and -70 mV (right) The right confocal image shows the pair of pyramidal neurons 
stained with biocytin. Histograms plat the distribution of IPSC latency (left) and amplitude 


(ight) in the pair. (B) ip IPSCs were abolished by BAM 


Similar to (A), but for uEPSCs between a pair of pyramidal cells (Q and ulPSCs from a 
rnonpyramidal cell to a pyramidal cell (D). (E to G) Comparison of amplitude, latency, and 
Coefficient of variation (CV) of latency in ip IPSC (ip IP), UEPSC ( 


abolished by the application of SYM 2206 alone 
(n = 6) (Fig. 3C and fig. SSC), These results 
strongly suggest that ip IPSCs with shot latencies 
arc mented mostly by kainate receptors, whereas 
those with Jong latencies are mediated by both 
AMPA and kainate receptors to a comparable de- 
erce. The consistent contribution of kainate recep 
tors to ip 1PSCs strongly supports the inervention 
‘ofaxo-anonicsynapses in these responses. Although 
SYM 208! incompletely blocked short-atency ip 
IPSC, itcompletely blocked mest long-atency ip 


number of kainate receptors implicated. 
To futher test for the possibility that ip IPSCs 


are mediated by the excitation of inhibitory ter- 
minal in close proximity 1 the postsynaptic 
Pyramid, we used a paradigm that allowed local 
ilutamatengic blockade, far from the likely loca- 
tion of the dendrites of inhibitory neurons that 
‘might mediate the PSCs (Fig. 3D), Monosynaptic- 
like IPSCs were evoked in layer-23 pyramidal 
neurons by stimulation with bipokar metal else 
trodes placed in layer 4. They were decreased by 
tion of NBQX (10 4M) without sub- 
€ courses as shown 
the superimposed traces of control and reduced 
IPSCs, scaled to the sume amplitude (Fig. 3). 
Thus, these IPSCs probably comprise a mixtu 
of ip IPSCs (arising from antidromic activation of 
layer-23 pyramidal neurons) and ulPSCs (due 10 
direct input from inhibitory intemeurons). Brief 
pressure application of NBQX (10 xM) from 
anoiter patch pipette placed near (<S jm) the soma 
‘of the recorded neuron produced similar reductions 
in IPSC, Whereas the same NBQX application fr 
fiom the soma (50 10 70 um) fala to produce such 
reductions (Fig. 3, E to 1), suggesting that most 
non-NMDA receptors mediating. ip IPSCs are 
located in close proximity 10 the cell body of the 
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target pyramidal neuron. This observation further 
implicates inhibitory basket cells as likely me- 
iators of atleast some ip IPSCs (23, 24). 

‘The hypothesis that excitatory axo-avonic 
synapses mediate ip IPSCs would be strengthened 
if jontophoretic application of glutamate t0 in- 
hibitory nerve terminals onto pyramidal cells in- 
duces IPSCs in the presence of TTX, which 
localizes elutamate-inducod depolarization to the 
applied arca (Fig, 3D, The application of ghit- 
mate, at msties of ejection currents, to the 
soma of pyramidal eclls produced slow inward 
currents at -70 mY, presumably mediated by 
AMPA. and kainate rveptors on the soma of 
recorded pyramidal cells, but it produced large 
coutwand cuments at O mV (Fig. 33 and fig. $9. 
‘The outward currents had a much faster time 
ouine than did the inward currents (P< 0.03) 
(Fig, 33 and fig. S9), In addition, ghtamane ap- 
plication at low intensities of ejection currents 
‘evoked asynchronous outward currents exhibiting 
a fast time course. These currents were compara 
‘ble to mIPSCs, but their amplitudes were much 
ligyer than these of mIPSCs (fig. S10) Thus, 
lutamate-evoked synchronous outward currents 
‘are considered to be compound IPSCs, resulting 
fiom the simultaneous ekease of GABA fiom mul 
tiple inhibitory nerve terminals quickly depolarized 
by glutamate, This suguests that glutamatergic 
transmission at the GABAengic terminal is very 
cffective, Similar outward currents were also in- 
duced by AMPA (1S cells), kainate (an agonist 
forboth AMPA and kainate revepons, 11 $), and 
ATPA application (= $), suggesting that they 
sre mediated by both AMPA and kainate recep 
tors (Fig. 39 and fig. $9). AMPA (r= 5), kainate 
(n= 5).0F ATPA-induced outward currents (= 3) 
Were abolished by bath application of BML with- 
‘out any reduction in inward currents, and inward 
and outwa olished by 
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Symbols (triangles and circles) and horizontal bars indicate values in individual pairs and mean values, respectively. Asterisks indicate that values are significantly 


different from those for ip IPSCs (P < 0.05). 
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NBOX (lig. S11). These observations strongly 
support our hypothesis about ip IPSC: 

Finally, we attempted to demonstrate mompho- 
logically. using mechanically dissociated neurons 
from slices, that GABAergic terminals on the 
soma of layer2/3 pyramidal neurons have non- 
NMDA receptors and that they are apposed by 
‘glutamatergic synaptic tenniinals. Dissociatd cells 
had a pyramidaltike shape, and mIPSCs could be 
measured (1 = 4) (Fig, 4A), indicating that some 
inhibitory synaptic terminals remained attached to 
the soma and dendrites. lontaphoretic application 
‘of kainate to the soma of these neurons induced 
‘outward and inward cuments, similar to those 


‘observed in slices (= 3) (Fig. 4B), Thus, we used 
this preparation for immunocytochemical ining. 

Staining for synaptophysin, a presynaptic ter- 
minal marker, showed boulon-ike structures (pre- 
sumably presynaptic terminals) surrounding the 
soma of neurons (Fig. 4€). Double staining for 
‘yynaptophysin and the GABA synthetic enzymes 
ielutamic acid decarboxylase 65 and 67 (GAD6S 
(67) showed that >S0?% of synaptophysin-postive 
terminals expressed GADGS(67, confimning the 
presence of GABACrgic terminals on the disso- 
ciated neuron (Fig. 4, C and F). GAD6S(67 was 
absent inside of the dissociated neurons, con- 
sistent with the morphological supposition that 


they were pyramidal neurons, We used an anti- 
body against glutamate receplor S (GlURS) as a 
marker of non-NMDA receptors because the ap- 
plication of ATPA, activating GluRS-containing 
kainate reveptors selectively (8), produced com- 
pound IPSCs (Fig. 33), Double staining for 
GAD65/67 and GluRS demonstrated that ~40% 
of GABAergic terminals expressed GIRS recep- 
tors (Fig. 4, Dand F). Double staining for GAD6S 
and VGluT!, a vesicular glutamate transporter 
located at pyramidal neuron nerve terminals 
25, 26), demonstrated that more than half of the 
GAD postive temninalsagjoined VGhIT I-positive 
terminals (Fig. 4, & and F), consistent with an 
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immunoeytochemical study in the rat somato- 
sensory cortex (27), These morphological dats 
suggest that 
terminals of « pyramidal neuron quickly activates 
non-NMDA  reveplors on inhibitory nerve termi 
nals that eonneet to the soma of other pyramidal 
neurons. In adkltion, axons of pynumidal neurons 
stained with biveytin in slice preparations were 
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microscopy (24), 


We demonstrated that layer:2/3. pyramidal 


als to other cortical 
atby 


neurons, sending output si 
areas, exert strong inhibitory effects on n 
Pyramidal cells via the direct activation of nerve 
terminals of inhibitory interneurons, bypassing 
2A). Our 


activation of inhibitory 


their somatodendrite domain (F 
analysis suggests that th 
terminals is: mediated by 
ath 
dendro-sonic 
play 
output signal 
Pyramidal neurons receive inhibitory inputs. via 
action potentials initiated in inhibitory inter 
neurons afler integration of synaptic inputs to their 
odendritic domain. Thus, synaptic t 


axo-anonic signaling. 


we eannot rule out partial involvement of 


aling (29). This inhibition may 


According 1 traditional views, 
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Microbalances 


The Excellence XP microbalances are designed for micro-dosing into large tare contain- 
ers. They offer innovative features coupled with an inner draft shield to provide user pro- 
tection, measurement performance, data security, and seamless traceability. The innova- 
tive grid-style weighing pan and the inner draft shield minimize the effects of air turbu- 
lence in the weighing chamber, which shortens stabilization times. Spilled samples sift 
through the grid and are caught in the underlying tray without affecting the weighing 
result, reducing cross-contamination and speeding up cleaning times. The micro Min 

Weigh Door allows dosing through a small window directly into the tare container without 
‘opening the draft shield. The automatic outer draft shield doors open horizontally and the 
inner draft shield opens vertically. Both can be configured individually to allow easier 
‘access to the weighing pan. A full ine of accessories includes the micro ErgoClips to allow 
secure fastening of small and odd-shaped tare containers tothe weigh pan. Programma- 


ble infrared sensors allow for hands-free operation. 


Mettler Toledo For information 614-438-4936 wmm.mt.com 


Rat Druggable Genome 

The Rat Druggable Genome siRNA Set V1.0 
enables potent and specific knockdown of about 
6,000 rat genes that correspond to human genes 
‘of potential therapeutic value, The small-inter 
fering (si) RNAS are designed through HP 
OnGuard siRNA Design, which incorporates an 
innovative neural network, proprietary homo 
ogy analysis, and advanced design features 
based on the most up-to-date knowledge of the 
‘mechanism of RNA interference. Subsets target 
ing 426 G-protein-coupled receptor genes, 738 
kinase genes, and 198 phosphatase genes are 
also available, 

Qiagen For intormation-+49 2103 29 12400 

vv giagen.com 


Blot-Stripping Buffer 
The Restore Plus Western Blot Stripping Buffer 
quickly and efficiently removes high-affinity 
antibodies from protein immunoblots without 
damaging the transferred proteins, thus allow: 
ing multiple re:probes for the target protein. The 
buffer is stored at room temperature and used 
without dilution ti effective with nitrocellulose 
and poly(vinylidine fluoride) membranes, a vari 
ety of blocking buffers, horseradish peroxidase 
and alkaline phosphatase antibody conjugates, 
and various chemiluminescent substrates. 
Thermo Fischer Scientific 

For inlormation 815-968-0747 wwwthermofisher.com 


‘Comet Assay Control Cells 

Ina typical single-cell get electrophoresis, or 
comet assay, electrophoresis methods and differ 
ences in cell preparations create a significant 
source of variation in comet tail parameters. To 
‘overcome this problem, Trevigen offers a set of 
stable control cell populations containing incre- 
‘mental levels of DNA damage for use when per- 
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forming the CometAssay. These control cells, 
when electrophoresed in the CometAssay, consis: 
tently produce comets with predetermined per 
cents of DNA in the tails. These cryopreserved 
control cells are designed to act as controls to 
standardize alkaline electrophoresis methods 
between individual users and laboratories. 
Trevigen For information 800-873-6443, 

we trevigen.com 


Microbial and Nucleic Acid Removal 
MictoSol 3+ is for disinfection of surfaces, 
pipettes, and other smal laboratory instruments, 
with proven efficacy against bacteria, fungi, 
yeasts, DNA, and more. It was recently reformu: 
lated to include a synergistic blend of twin-chain 
quaternary ammonium compounds and ampho- 
{eric biocides. MicroSol 3+ offers an enhanced 
broad spectrum efficacy an 
‘mental safety. Its effective against key human 
pathogenic microorganisms and interacts with 
DNA and RNA molecules to have a deleterious 
effect on their secondary structure, deactivating 
them within blood, plasma, and other samples, 
‘Anachem for information +44 (0) 1582 745008, 
ve anachem.co.uk 


Laser-Induced Breakdown 
Spectroscopy 

The LIBS2500, a laser-induced breakdown spec: 
troscopy (LIBS) system permits instant qualitative 
measurements of elements in solids, solutions, 
and gases for use in materials analysis, biomed: 
ical and forensic analysis, environmental moni: 
toring, and more. Designed to be smaller and 
lighter than its predecessor, the stimmed-down 
system features an improved sensitivity of 10 to 
50 ppm, a series of 2048-element, linear charge- 
coupled device detectors, and a seven fiber opti- 
cal sampling probe with a collimating lens and 3 


sampling lens. In contrast to the small spectral 
range of other LIBS systems, the LIBS2500 incor- 
porates up to seven high-resolution spectrome: 
ters for spectral coverage as broad as 200 to 980 
‘am, The system operates with any 32-bit, USB: 
compatible Windows personal computer over a 
USB 1.1 oF 2.0 interface. Integral application 
software fires the laser and identifies the element 
being analyzed, performing element identifica 
tion, reference correlation by full piel, reference 
correlation by spectral line, time-dependent 
analysis, and line tracking over multiple samples. 
Ocean Optics For information 727-733-2447 
wen Ocean Optis.com 


Hot/Cold Plate Analgesia Instrument 
The Combination Hol/Cold Plate Analgesia 
Instrument can be used either as a conventional 
hot plate or cold plate for demonstrating that 
animals’ receptors respond differently between 
“hot” and “cold” pain, This single device can test 
reactions in mice and rats to temperatures 
between 4° C and 66° C. The hot/cold plate car: 
ries out a rapid, precise screening of analgesic 
drugs and their effect on hot and cold receptors, 
in the brain. The animal is placed on the surface 
a5 a foot pedal is pressed to start a clock, The 
observer presses the foot pedal again when the 
animal makes a stereotyped pav lick in response 
to the temperature change. 

Stoelting For information 630-860-9700 
vmnestoetingco.con/physio 
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POSITIONS OPEN 


UNIVERSITY of CALIFORNIA, IRVINE, 
Department of Medicine (Infectious Diseases) and 
Department of Microbiology and Molecular 
Genetics 


The Dixision of Infectious Diseases and the De- 
partment of Microbiology and Molecular Genetics 
re seeking candidates with an M.D. of M.D./Ph.D. 
deyree(s) and a research interest in. Mycobacterium 
tuberculosis. This is a tenure-track position at the 
ASSISTANT PROFESSOR level, with up to 75 
percent time allotted to rescarch. Board certification 
‘Or eligibility in infectious discascs is required. Can- 
ddidates must be able to perform indepensent re 
Search and cither have current federal funding or be 
poised to obtain such funding Laboratory space 
Will be availible on the Univerty of California (UC) 
Irvine campus, a8 are multiple collaborative oppor: 
‘unitics with chicane and scntits in a wide varcty 
‘of disciplines. The succesful candidate should have 3 
research interest reiced to Latino communities and 
‘ill support the needs and objecaves of UC Irvine's 
Program in Medical Education for the Latino Com 
‘aunty (PRIME-LC), website: heyp://wwwucihs, 
uciedu/som/meded/primele/. Responsislines 1 
PRIME-LC will inchale teaching, mentoring. su 
dents, and service on administrative commtecs 
PRIME-LC isa unique program designed to provide 
specilized training for future physicians commited 
to careers in public service, health care delivery, 
research, and policy in undenerved Latino comme: 
tities. Applicants shoul send curriculum view and 
frames and adtreses of thrce references to: Donald 
Forthal, M.D., Chief, Division of Infectious Dis: 
‘eases, Departinent of Medicine, University of 
California, Irvine, 3044 Hewitt Hall, Irvine, CA 
92697-4028. The Uneorsty of Calfonis, Ine, i 2 
qual Opportunity Epler, coment we exrdlewe thsoagh 
brerty ai sly meng appdesions ow a sled 
‘gpa, andi men and warner UCT regent 
ihe eds of dualare oper, deed w woe hslawe 
Shah a srey of fav Jy pokey, aa the ment of 
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The Deparment of Biology, Univerky of Mis 
sour St. Loni, ivitesappiations fortwo ful-time 
Siar penton (1) VISITING ASSISTANT 
PROFESSOR (eclogy, consration), nine-month, 
fcnowabe appetnznent t fach Grate coun 
incomeratie Re, populon bly an other 
ours bated on quakdcations; 3 Ph.D. required 
(3) TECTURER or ASSISTANT/ASSOCIATE 
TEACHING PROFESSOR \gencrlintresustory 
[Nology), a rencwable appointment to teach intro 
Alcony biology lecture and aboraory, pls other 
Sout tao sulin, oxen lao 
‘ator or marobsology lsboray tacking experince 
‘Grahe; Master's degree anf price teaching caper 
fe maja PAD, appicaney are encourage Re 
‘iow of applications wil bopin May 23, 2007, and 
Sepcinemenes wil hopin Aust 15, 2007, Submit an 
Fplcation uct desing teaching interns and exe 
een, cucu ta, sa tec ktce ce 
fe Maryann Henpen, email: hempenm@umsl. 
teu. For aditinnal information contact James H 
Hunt, email: jimhunt@umsLed. 
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‘The USDA, Animal and Plant Health Inspection 
Service, Foreign Animal Disease Diagnostic Labora 
tory on Pham Islnd, New York, i seeking a flltime 
SUPERVISORY VETERINARY MEDICAL OF- 
FICER (GS-15; snnal slay of $115,929 to $145,400 
plus benefits). incumbent will sane as the DIREC- 
TOR of the filty. The incumbont must be a U 
citicon and alle t oeain a xert scurty clearance 
‘while employed for the postion. A copy of announce- 
‘ment number 24VS-2007-0175 (open to the public) 
‘0 6VS-2007-0223 can be bseane a website: 

i i oF call telephone: 5 

7266 for aplication procedures, This position 
will be open Apal 30 through May 29, 2007. The 
Fedesl Government ie Expat Employment’ Opportty 
Exmpoye. 


‘The University of Utah 
Moran Eye Center €> 
‘The University of Utah's Department of Oph- 
thalmology sok new TENURE-TRACK FAC 
GUnY ard mado rch wih rec torres 


fn visual system function and/or dise 
‘sll be based in the new Moran Eye 


vironment with strong professional training programs 
in medicine, neuroscience, molecular biology, bio 
‘engincering, and computer sciences. Successful can- 
dlidates will be expected to be active in professional 
‘education and demonstrate strong extramural fund: 
Ing potential 

Applicants should send their curriculum vitae, a 
satement of rescarch interests, and names and contact 
{formation for three references to e-mail, julee, 
Lamothe@hse.utah.edu. Applications will be ac 
cepted until a suitable candidate i ie ntifed 

The Univenity of Ush an Eu! Opportunity Afi 
te Acton Empleo, and enaunaes applets fom women 
cand inate and provides veaonahie acomamodiions to he 
Ienwoydstsincs of pplant and employees 


ASSOCIATE/FULL PROFESSOR, 
(Histology /Cell Biology /Tenure or Tenure Track) 
‘Comparative Biomedical Sciences 

Department of Comparative Biomedical Seiene 
with numcrous Funded investigators in cell and m0 
Ieoular bvology (including cancer biology) sccks af 


vty paren tn acogy al iy Reuirenet 
Ph.D. cr equivalent degoce in Wological/hiomedial 
saences or telated fickl; postdoctoral experience; te 


scarch background i cll/molecule biology; ality 80 
‘each hitulogy arf coondiate 3 ter 
fll hilogy ara hitclogy in the profesor cur 
fam have (or wil have) extramural furting, Resp 
sili caablishcs and maintains an extrani 
Funded research prograny; teaches in the professional 
cmculum; congntates t the graate program, Sa 
Sy aa rank wl be commensurate with Guaiictions 
An offer of employment contingent upon a sis: 
iscory presmplorment background check Apphich 
tion deadline May 18, 2007, ce with candiste Is 
Selecta. Submit letter of appiction and resume (i 
‘duding email adem) to! De. M. Stain 
Professor, Department of Comparative Biomed: 
ical Sciences, School of Veterinary Medicine, Lou 
isiana State University, Reference 000490, Baton 
Rouge, LA 70803, tdephone: 225-578-9758, ema 
srainéls.ad. 
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ASSISTANT (SCIENCE) CORPORATE 
DIRECTOR for RESEARCH PROGRAM, 
(CDRP) 

Sihinces Hospitals for Chikiren (SHC), website: 
taxp:/ /erww.abrinersig.org/, invites apps 
for the potion of Assistant (Scence) Corporate Di 
sector for Research Program (CDRP) at their head 
‘quarters in Tampa, Florala, We have an extensive 
Frogam in base transatonal and dinkal researc in 
congenital ethopedic dca, spinal cond injury and 
thurs in children at its 22 hositals and eight research 
centers, with an annual budget of $37 milion 

“The soccessful applicant wil assist the CDRP in the 
management of the rescarch program, induing 
review of research grant applications, grants admins 
tration, biomedical research related replatery ics, 
rogram planning and evaluation, butdgetary plan: 
Ding, research faites development, al other re- 
scorch administration related seus 

Requirements Must have a Ph.D. in a biomedical 
scientific area, preferably” in one of the SHC's 
mission areas, with a background in eescach funding 
nd research administration 

‘Submit curiculum vitae with ive references by 
June 15,2007, to email 


chayron@shrinenct.o 
(rby fa: 813-281-7102. Epad Oppnnty Employer 
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ScienceCareers.org 


National Univer spore 


NATIONAL RESEARCH FOUNDATION 
RESEARCH FELLOWSHIP SCHEME 


The Natonal Research Foundation (NRF), eaabiahed 
In 2006 vader the Piene Mist's Off in Singapore 
‘charged to Revease national RAD eats, to fund bale 
273 applied research a wot a8 eaharce ox research 
abaty wah eran captal devebpment. The NRF 
Research Fellosip 3 major programme inboduced 0 
‘stadt be best ad baghtst young soertas lo cary out 
‘raepondunt researc m Sngapere 


Established in 1905, the Natal Universty ef Singapore (NUS) has evated ino a quay leaching and researcntrsive ination. whieh is 
sexrowlagod as one he promer research unverstes mtn As Paci. The Unveaty scarred ranked the lop 20 ures by Be Timo 


her Eaueaton Suppiemmct 


NUS is acvely seeking outstncing yourg PHO graduates are post doctor letows for be prestigious NRF Research Falowshi 


Eligibility 


1 The Fetowsne s open 10 al areas n scence ard technology wih no qua on speci discs 
2. Young talented post docralfetows ato below the age of 35 shou a5 


3. There ls resin innatonaity 


Terms & Remuneration 


4. Goss annua salary i pegged to that cf an Assist Proesso’ and ranges rom $872,000 to S$144,000 (approx. USS47 200 to USSO4, 700, 
2 Success appcants wi fecave research fundig a up to USS!.S mien dotars over tree yeas. 
3. Outsunng Fetows ray te fered wrured tack cf permanent gastens a he appropiate academe department in NUS 


Singapore ma vbrart gardon cy wih year round topcal ciate and rch mats! Netape Many lo eternal scents have made Singapore 
ber hone tag advantage Ute extent acts and Seong supp for RAD: 


Closing Date: 17 July 2007 


‘homed applcants wi be nvted to Sepipore to present er proposals and undergo an nlervew seston conducted by he NRF Scinthic 


Avacry Boar, 


For further information please contact: 


Ena! omtetowirun od x9 


ational University 
of Singapore 


Northeastern 


Wigher Leoraing. Richer Experiene 
"Northeastern University (http//www.biology.svew.edu/indes tml). The 
sucessful candidate will ead and expand an evolving department that plays 
a key rol esearch and educational missions of the Un 


Wenre secking nationally recognized leaders who have an on-going record 
cof competitive research funding. The Biology Department has 28 faculty 
tad is currently searching to fll wo additional tenure track positions. 
The Departments undergraduate programs enroll 450 biology majors and 
270 undergraduates in two interdepartinental programs, biochesnistry and 
‘behavioral neuroscience. Graduate programs serve $0 PhD students. There 

also professional MS programs in Bioinformatics, Biotechnology, and 
Marine Biology, 


Research interests in the department are diverse and span the spectrum from 
‘organismal to molecular studies. The successful candidate will comple 

these areas or will bring his/her own theme and cluster of hey hites. 
‘We are especially interested in an individual who will foster and expand 
collaborative and interdiseiplinary research. Existing interdisciplinary in 


tiatives include Biotechnology. Neurobiology, Sensing and Imaging. and 
Nanotechnology. with participants from Chemistry and Ch . 
Physics, Engincering and the College of Health Sciences. As part of the 
University’s continuing growth as a research institution, Norbeastern is 
in the process of hiring 30 outstanding faculty to pursue interdisciplinary 
research and teaching 


A.competitive start-up package will be provided. Please send a letter 
of application, curriculum vitae, the names an contact information for 
five references, and a brief description of research interests. The carl 
ext anticipated start date is fall of 07, and the search will continue wotil 
the position is filed. Applications should be submitted clectronicaly 
biojobsa new.edu 

Northeastern University is am Equal Opportunity Affirmative Action 

Employer Candidates from groups underrepresented in science ore 

expecially encouraged to apply 


FACULTY POSITIONS 
Cancer Biology and Epigenomics Program (CBEP) 
Children’s Memorial Research Center (CMRC) 
Children’s Memorial Hospital 
and Northwestern University 
Chicago, IL 


Applications are solicited for two Assistant Professor level po 
in the CBEP at CMRC, with start dates in the Spring/Summer and 
Fall/Winter of 2007, We seck Ph.D, and MD/Ph.D. candidates with, 
nd post-doctoral training, a potential to attract 
develop an interactive research 
program. New laboratory space and state of the art equipment are in 
place. Start up packages will be ud successful applicants 

ns in the Department 


cancer development and metastasis, tumor heterogeneity and drug 
resistance, genomic instability, 1umo 
high-throughput identification of germitine and somatic mutations, 
and integrated analyses of cancer-"omics". For further details see 
itp:/www.childrensmre.ory/eancer genetics, 


Please send curriculum vitae, a statement of research interests, 
contact information of three referees, and pdf files of most relevant 
publications to: Ms. Lara Hess [Ihessi@ childrensmemoriaLorg}, 
Senior Administrative Assistant, Cancer Biology and Epigenomics 
Program, CMRC, 2430 N Halsted Street, Chicago, 11,60614. USA. 
Review of applications will continue until positions are filed 


Northwestern University is an Affirmative Action Equal 

Opportunity Employer Hiring is comingent upon eligibility to 

work in the United States. Women and minority candidates are 
strongly encouraged to apply 


ttt NATIONAL INSTITUTES OF HEALTH 


‘The Division of Cancer Epidemiology and Genetics (DCEG) of the National Cancer Insitute is recruiting a Chie for its Biostatistics Branch(BB). DCEG scientists cary out a 
comprehensive program of escach on the genetic and environmental causes of cance, witha strong emphasis on molecular epidemiology. BB scientist play an integral role in 
the design, analysis and inerpretation of DCEG studies, conduct independent satstical and computational research on methads for such studies, including methods for genetic 
spidemiology, conduct selected epidemiologic stuties, improve methods fr gathering and analyzing epidemiologic, clinical and laboratory data, and tain pre-and post-doctoral 
fellows and others in biostatistics and descriptive epidemiology. 


‘The Branch Chie dircts an intramural and contract-supported research program, provides Jedkrship and facilitates research activites of Branch scents, and plans and dvets 
1 program of independent statistical and computational rescach. In adios 19 Ovcriecng the administrative management ofthe Branch, responsbilitcs include supervising stat 
members, mentoring tenure-track investigators and post-doctoral fellows, an enjuring te scientific quality of he Branch rescarch prio. BB curently hasa staff 21 scientists, 
including 10 tenured or tenure-tock independent investigators, afd atc ecritments are anticipated. Resouces avaiable to BB include contacts or computer programming 
and for epidemiologic fed tudes and accesso extensive molecular epidemiology data, suchas whole genome scans 


The secessful candidate must hold doctoral degitein biostatistics, statistics or a elated field, He or she must demonstrate knowledge Of epidemiologic and statistical methods and 
ability to: (1) conduct high-quality original resetch Using mathematical and biostatistics approaches; an (2) publish such workin peer-reviewed scientific or medical joumals and 
[rescit atsientific mestings. The candidite must also demonstrate administrative experience, including supervision and scenic management. The Chief, Biostatistics Branch, 
\illbe appointed with enue ata salary commensurate with qealfications and experience. Full Federal benefit including lave healih and if insurance long-tenn cae insurance, 
‘etiement, and savings plan (401 equivalent) wil be provided. Qualified candidates may be considered forthe NIH Senior Biomodical Research Service. 


Interested individuals should sed a oer letter, curriculum vitac and bibliography, a brief summary of research intrest and accomplishments, sientific administrative experience, 
copies of up to five publications o tnd the names and adresses of rcs references to: Sandy Rothschild, Division of Cancer Epidemiology and Genetics, National 


reprint 
Cancer Lastitte,6120 Executive Blvd, Room 8063, Bethesda, MD 20892, E-mail: rothschsamail.ih go. 


‘The search will continue indefinitely uni a qualified applicant is found, However, no canidte will be coniidered before Jume 30,2007 


‘This positon is subjost wo a background investigation, 


entis CHIEF, OFFICE OF EDUCATION 
The Division of Cancer Epidemiology and Genetics (DCEG) ofthe National Cancer| 


and pre-doctral fellows: provides oversight of fellows’ taining and career progres 
son; and develops and promotes grate program partnerships with public health 
tx! medical schools inthe US, and abgoad: Curent, there are approximately 
postloctral and proctor fellows i DCEG., The OE also coordinates the DCEG 
summer research program that offers fellowships high school, college and graduate 
students intrest in exploring carers in cancer epidemiology and genetics. The Chie 
represents DCEG at NCI and National Institutes of Healdh NI) meetings rekyant to 
ke coordination of taining, eeruitment, and educational activities. The possitlity 
of research resources and appointments subject to aeyotabon 


The successful candidate must hold a medical ot doctorate degres in epidemiology. 
biostatistics, ora related ficld or demonstrate the equivalent level of epidemiologic 
fesining. He or she must possexs strong communication kills, both oral and writen, 
and provide evidence of successful mentoring, along with other relevant administrative 
experience. Salary will be commensurate with qualifications and experience. Full 
Federal benefits incuding leave, health ad life insurance, long-term care insurance, 
retirement, and savings plan (401k equivalent) will he provided. 


Intcrestd individuals should sen a statement of intrest, curriculum vitae and bli 
ography, and the names and addresses of three references to: Ms. Sandy Rothschild, 
Division of Cancer Epidemiology and Genetics, National Cancer Institute, 6120 
Executive Bt 

gow, hips/dceg.eancergov. The scarch will continue indefinitely wnbl a qualified 
applicant is found. This postion is subject toa background investigation. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


J, Room 8063, Bethesda, MD 20892, E-mail: rothsehs@maiLnih. 
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The National Instintes‘f Heath (NII) in Bethesda, Maryland, the world’s largest 
bicenedical research community, is seeking. applications from exceptional can- 
idates for the postion of Deputy Dirsstor in the Office of Intramural Research 
(O1R), Office of the Director, NIH. The NIT Intramural Research Program (IRP) 
hasjnational and international recognition as it conducts laboratory clinical, 
and population-based rescarch in the interest of improving public health. The 
}OIR’ coordinates functions specifically for oversight of all clinical and labora- 
tory research inthe IRP, ax well as career development; the NII animal care and 
use program; and bumat subjects research, The IRP has research partery in the 
poblic and private sector: who share common goals and work in partnership by 
means of specic tools, eg. Cooperative Research and Development Agreements, 
which afe managed by an OIR’office-the NIII Office of Technology Transfer. 
The idcumbent has the professional management responsibility to assist the 
Deputy Diectoe for lnramural Research in the planning, development, orpaniza- 
tion, coordination, and implementation of the administrative and onganizational 
policies affecting the entire NIII. The incumbent represents the Office of the 
Director at the NIH Medical Executive Committee and supports the clinical 
esearch interface between the IRF, the Clinical Center and the Insintes and Cen 
ters. This position supports the work of the ongoing Advisory Board for Clinical 
Research that is composed of intramural and outside experts in clinical research 
who advise on directions forthe entire intramural clinical research program. The 
incumbent plays an active role in rescarch taining for medical students as well 
[Candidates ae roquited to have a doctoral evel degree and extensive experience 
in managing « biomodicalresarch institution. Salary will be commensurate with 
experience. Please send applications (statement of intrest, CV, bibliography anal 
names of three references) 19 Nadine Fonrose, 2 Center Drive, Room 2W09, 
Bethesda, MD 20892. Applications due by June 4, 2007. This position is subject to 
a background investigation 


‘The Cyprus Institute (Cy) 
Recruits Associate Directors for (A) Environmental, (B) Energy and (C) Policy Research for its 
Energy, Environment and Water Research Center(EEWRC) 


‘The EEWRC is intended as an important research resource for the Eastern Mediterrancan, Middte East, and North Africa, and as a gateway between the EU 
and the region for addressing energx, environment and water issues on the basis of science. technology and analysis. The EEWRC is a research Center under 
the auspices of the Cyprus Institute (Cyl) which has been established in Cyprus as a novel non-profit research and educational institution. The Cyl and its 
Research Centers strive to achieve the highest standards of excellence with an emphasis on international parterships with world-class universities and 
research organizations. The EEWRC is being established in close collaboration with the Massachuserts Institute of Technology (MIT). 

Position Description: 

The EEWRC Associate Directors for:(A) Environmental, (B) Energy and (C) Policy Research will direct the corresponding divisions of the Center and will be 
responsible for the conduct of (A) Scientific research and technology development addressing environmental issues of regional and global relevance. (B) Scientific 
research and technology development including the generation, storage and transport of energy: the development of research thrust in the area of solar energy is 
considered asa high priority thrust forthe Center. (C) Integrative research addressing economic and policy research inthe fields of environment, energy and water 
development, wilization and management of significance wo Europe and to the region 

‘The Associate Directors will report to the Director of the EEWRC. The incumbents will work in Cyprus. and will be offered a S-year appointment, renewable 
‘upon mutual agreem« aN attractive salary and benefits package, commensurate to his/her high degree of responsibility and qualification, 
Responsibilities 
‘The Associate Directors and Division Heads will be responsible for: 
(1) Shaping the respective Divisions” research agendas of the Center in collaboration with the Director of the EEWRC. (2) Developing and implememing 
Srategies appropriate tothe Center's missions and objectives. (3) Assisting the Director of the EEWRC in recruiting staff for hivher Division within the Center, 
(4) Realizing and implementing the design of the research facilites appropriate tothe research of the Center. (5) Developing a workd-<lass research program, it 
the candidate's field of interest. (6) Contributing to the educational mission ofthe BEWRC and ofthe Cyprus Institute. (7) Raising financial and other resources 
{or the needs of respective Divisions (8) Initiating and sustaining high-level contacts with leading institations throughout the world which conduct research in 
areas elated tothe respective fields, 

Profile: 

‘The incumbents should be outstanding scholar of international standing, with a minimum of 10 years’ experience in conducting research. Previous responsibilty 
{or building rescarch groups and/or managing complex projects from development to implementation would be a strong advantage. The incumbents must have 
excellent interpersonal skills, with strong capacities for managing human resources. and for generating and maintaining contacts in the academic. business and 
governmental circles, as well as obtaining support from them for the Center. Proficiency in spoken and written English is indispensable, 


Applicants should clearly 


ienceCareers.org 


(ii) a ist of ive potential referees, 
Please reply before 10 June 2007 to Dr. Michalis Nangou ~ Cyprus Research and Educational Foundation, Alpha Howse, $O Archbishop Makarios 11 Ave, 
‘Nicosia 1065 Cyprus, PO Bax: 22743 CY 1525 Nicosia. Cyprus 
Email: see.cref@eytanet.com.cy Tel387 22 761101 Telefax: +387 22 447800 wwweyprusinstitute.ac.ey 


Full time Tenure Track or Tenured Faculty Member 
Department of Otolaryngology - Head and Neck Surgery All Souls College 
iv ia, Irvin 
University of California, Irvine, School of Medicine Oxford 
The Department of Oxolaryngology ~ Head and Neck Surgery atthe 
University of California, levine, School of Medicine secks a fll ime So 5 : 
tenure track or tenured professor. Senior Research Fellowships 
The successful candidate wil possess a PRD. or MD/Ph.D. with the 
PhD. ina field elated 10 Auditory Neuroscionce. In ktion be she wil All Souls College intends to elect three Senior Research 
havea track record of oustanding achievement in auditory research, an Fellows with effect from Ist October 2008 (or an agree 
exceptional revord of peer reviewed publications, and ahistory of NIH. Relliwewineliec fiom Ist Geiober 20s \oranaaiecd 
Srl seein, Rlnjoeeete herbs seeconial neta Tec omoie later date}: in Philosophy. in History, and in Theoretical 
‘terest that merge with eurrent departmental research, partcully Life Sciences (all subjects broadly conceived). The 
in auditory prostheses and electrophysolgy. Fellowships are open to women and men, 
It is expected that the candidate would be a qualified lecturer! ; : 
Participate in departmental service The College regards a Senior Research Fellowship as 
being of comparable academic standing to an Oxford 
University Professorship. and applicants are expected to 
have a correspondingly distinguished record of 
achievement in research, 


rank and salary will be commensurate with qualifications 
and experience. 


Candidates are inte wo submit their curriculum vitae and names of 
five references to 

NeuruSclence Search Committee i - 

“Attn: Ms. Cathy Ta Further particulars, including details of emoluments and 

Fane ne ee ns Ce ae terms of appointment, application form, and copies of a 

a me OF Oates ee Tey eee et en PerRey memorandum for referees may be obtained from the 

Bldg $6, Suite $00 Warden's Secretary, AllSouls College, Oxford OX14AL: 

‘ones CAMs Sane mary.yoe@all-souls.ox.ac.uk. See also the Colleg: 

ax: (714) 48 website: wwwaall-souls.ox.ae.uk. Applications, on the 

The University of California, Irvine ha an activ carer partner application form, should reach the Warden not later than 


program and an NSF ADVANCE Program for Gender Equity 3 
‘and is an Equal Opportunity Employer committed to excellence Moanday, 10th Septessber 2007. 
‘through diversity 
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Lawrence 
erkeky National 
Lat 


us, Berk 
US. Department of 
Energy's National 


Environmental Energy Technologies 


Division Director 


Lawence Beteley National Latoatory (LBNL) seeking an intemationally 
rerouned scientific leader to det the Envsonmertal Energy Tednologes Dvisen 
(ETD). EET performs research on energy technologies, eveny efficiency, indoor 
enviormertal quality, atmospheric scree, and climate change. The Dvsion has 
substartil efor in energy arabs, cluding both demand and end-use fing. 
ETD research is also coupled with Latoratory-wie initiatives on new and secu 
enemy sauces forthe US. For mow infomation about EETOS scientific programs, 
sit Uwe website a gy etd Bigov. 

The FETD Director plays a critical role in proving scientific leadership for the 
Division, The Ovector wil develop new progres that adie: the national needs in 
the enemy and envicomertal areas, and act sche spohespen fr the Division in 
Interactions with the US. Departmere of Energy (D0E)and other governmert agers. 
The candidate should posess.a distinguished econ of scientific accomplishment ina 
Aiciptine leant tothe Dviso's earch, and have demonstrated experience with 
Scientfic maragement and development. Prove experence io building and leading 
callatorations among muticsciptinay team: is equied. The Diector is expected 
to build collaborative programs with UC Berieley and other eseuch insiutions 
Tn aditon, the Decor has fia vesposibity for all aes of management within 
the Dison, indudirg opentions envionment heath ad safety admiistation, 
budget and human esoues, 

The EETD is a mutiicpinary erganization with approximately 425 scientists, 
enginees, technical, and administative penonne, inclufing particpatrg fcalty 
and stueres fom the nearby UC Besley campus. The Dhvsion hasan annual budget 
of approximately $50M. ET's research i primary funded by the DOE Office of 
Enemy Eficery and Rerewable Enegy. with significant support fom other DOE 
offices, ther fede agencies, and the Sate of Calton 

For a complete jeb descigtion, ot to apply online vst: hetpy/Jobsibgoy 
select "Search Jeb", and enter 20348 in the heyword seach field. Enter “Science 
Magacne” as your source. 

LBNL is an Atfimative Acton/Equst Opportunity Employer committed to the 
development fa diverse weskferce 

For moe information about LBNL and its programs, vst worlbL go. 


NIMS: 


National Institute for Materials Science, 
4 Japanese national institute specializing 


in research on mater 
550 people, including 400 researchers, 


RESEARCHER POSITIONS 


smploys 


1, Recruiting field 

Fuel Cell Materials; Hetero-interti 

Electrode, Solid Electrolyte, 

Separator 

b. Functional Materials and Physies, 
Ferroic Materials, Novel 
piczoelecies 

©. Molecular biology, Cell biology, 
Nanobi 

Solid-state electrochemistry, ionic 


conduction at heterojunctions, ion- 
conductive solids 


2. Any field of M 


We are secking res 


terials Science 


ceramics, organics, biomate 
semiconductors, compound materials, and 


For more details, http://w w.ni 
eng/employ index.h 


-|Giving the Gift of Breath 


Cincinnati Children’s Research Foundation (CCRF) 


‘Cincinnati 


Lovelace Respratory Resch insite the 
fy devoted to repratory esearch & wor 
‘Soament wiubsarb inramusd uepor 
fonramns We abo work i aarce wath 8 

New Metco Heath Scene Center 


Associate Scientist & Postdoctoral Opportunities 
‘Associate Scientist in Physiology (51207) Ph.D. & lsberatory experience io 
spraley & earcvascuar physeony AcrAol davery n YocobogeaeO. 
Tone aboratory immunclogy or wolgy expenence Nghy deurable ABSL 
capenence ed 
Associate Scientist (N4307) of Postdoctoral Fellow (N4107), w/De. KC 
Kim PRO. Ba strong background in meleculr cel logy preeraDly 
hysiclogy & cel signatng Wer lung pharmacaony Wi fs on re Gide 
thon of the molecular mecharssm of the anteinammatry roe of Mc} main 
Postdoctoral Fellow (E5402), w/Dr. K. Harrod, to study enmurology of 
femerging ard Botheat pathogens. Established backggound in molecu” and 
(ehuar mmurology 
Postdoctoral Fellow or Associate Research Scientist (E4407), w/De 1.C 
Seagrave, vith experience m protecmes musing 70 get, proten eno fea. 
tion bomarker Gscovery,proteevpeptge mass spectrometry eure’, SELDI 
tiperence desred but not requred. Doaumerted record of pubkcaton the 
fide 
Postdoctoral Fellow or Associate Resaarch Scientist (E1001), w/Dr. ¥ 
‘esfalga, to sty the role oF nlammatoy medistors n repuiting sana 
ing of apoptous & autophagy in aeway epi cels of mice & humans 
Experience n ana of ell gna, warccnptionalrequation, Bor geeoms 
{proteomic technaues & desrable 
Postdoctoral partkipants are encouraged to write grants & become members 
chou scenthc att 


Senior Reseach Associate & Aesocate Research Soertist 
Doutons are avafabe nthe above & other areas as wel 
Send CV, research goals & 3 references w/ contact 
information, referenong postion W to 
HR Offic, 2425 Ridgecrest Drive SE 

108 


Fax: 305-340-4975; Emait: hmail@lri.org. 


Visite worweriorg. CO 


www.LRRI.org 


Division of Experimental Hematology | icinnati 
(Director: Dr. David Williams, MD) Children's 


ep! Me! Cre 


The Division of Experimental Hematology is pursuing excellence in 
research with Programs in Hematopoietic Stem Cells, Cancer, Cell 
Signaling. Leukemia and Molecular and Gene Therapy. The Division 


is seeking to reeruit 
Molecular and Gene Therapy Faculty 


We scek to fll several faculty positions with candidates interested in 
basic or translational research focusing on the molecular tratment of 
inherited or acquired zenetic disease 

‘our expertise in gamma-retroviral, AV and lentiviral vectors. We seck 
faculty with substantial experience (1) i the area of innovative stable 
\ector systems targeted genetic correction, and (2) clinical gene therapy 
trials. Academic rank will depend on faculty credentials and exper 
ence, Close collaboration is available withthe existing faculty and other 
divisional programs (www.cineinnatichildrens.org/rescarch div/ep 
hhematology/) and the Division of Hematology Oncology. The Program 
supports range of projects from basic research to translational develop 
nicat to facilitate implementation of phase VII trials in Molecular and 
Gene Therapy 


and cancer to expand complement 


To apply, please forward your CV and. brief statement of your research 
imterests to: David A. Williams, MD, Director, Division of Experimental 
Hematology and Punam Malik, MD, Program Leader, Molecular and 
Gene Therapy Program: via E-mailto Ms. Joy 
Division of Experimental Hematology 
CRE, Cincinnati Children’s Hospital Medical C 
‘7013, Cincinnati OH 45229-3039. 


Cincinnati Children’s Hospital Medical Center is an Affirmative 
Action Equal Opportunity Institution. Women and minorities are 
‘encouraged to appl 


Singapore \nstitute 
for Clinical Sciences 


—— 


DIRECTOR 


Metabolic Diseases Research Program 

The Singapore Institute for Clinical Sciences (SICS) is a new institute within the Agency for Science, 
Technology and Research (A"STAR). Our mission is to develop disease-oriented clinical and translational 
research programs in focused disease areas. SICS is based at the Biopolis, Singapore's world-class biomedical 
sciences complex, and adjacent to other A*STAR research institutes. SICS also has a research building that is 


in close proximity to the National University of Singapore and the National University Hospital. 


The Metabolic Diseases Research Program is 4 new initiative, intended as a multidisciplinary program 
involving disease-oriented laboratory and clinical research in diabetes and obesity. This program will span 
the molecular basis of disease through the development of new therapies and diagnostics, and will include 
investigational medicine studies in humans. We seek an internationally renowned specialist in the field of 
metabolic diseases as the Program’s Director - to define the specific research focus, recruit and support an 
internationally competitive team of principal investigators as well as to develop the program as a bridge for 
collaborations between basic scientists and clinical investigators, Excellent funding has been allocated by 
AXSTAR to enable the recruitment of up to 5 principal investigators and a total of up to 70 staff members, plus 
equipment purchases and laboratory running costs. 


‘The Director and the research teams will work closely with a number of other programs in Singapore that 
provide important and useful synergies, including: 


* Singapore Consortium of Cohort Studies * Clinical research facilities (inpatient and outpatient) 
+ Singapore Bioimaging Consortium + NUS - Lilly Centre for Clinical Pharmacology 
* Singapore Tissue Network * A*STAR funded graduate students and 


postdoctoral scholars (both M.D. and PhD) 


+ National University of Singapore 
selected for training in Program laboratories 


+ NUS - Duke Graduate Medical Schoo! 
We invite senior internationally-recognised investigators in the area of metabolic diseases to apply for the 
Directorship. Preference will be given to physician scientists and clinician investigators with a track record 
of publication in intemational refereed journals as well as a demonstrated ability to lead a major research 
program and to collaborate with other groups. Candidates will be offered joint appointment at the National 
University of Singapore. Remuneration will be commensurate with the experience and qualifications of the 
successful candidate. 


Interested applicants, please enclose your curriculum vitae and 
indicate your area of interest to: 
Professor Judith Swain (Judith_swain@sics.a-star.edu.sg) 


Singapore Institute or Dr Kevin Young (Kevin.young@thersagroup.com) 
POR aa Sclences All applications will be treated in strict confidence. 
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FACULTY OF MEDICINE 
HEALTH SCIENCE CENTRE 
DEPARTMENT OF PHARMACOLOGY AND TOXICOLOGY 


Do what 
you love. 


‘The Department of Pharmacology and Toxicology, Faculty of Medicine, University of Kuwait invites 
applications forthe following academic position 

Assistant/Associate/Pull Professor in: 

1, Clinical Toxicologist: Applicants should have experience in Clinical Pharmacology and Toxicology. 
2. Clinical Pharmacologist: Applicants should have experience in Clinical Pharmacology. 


CONDITIONS OF APPOINTMENT: Total monthly salaries will be within the following scale 
according to qualifications and experience (1 KD = 1,9 St. Pound. US $3.4 approximately), 


Love what 
you do. 


Profemon Min Naw 
KD. 3930-4172 
KD.2950 3192 


‘Non-Clinical KD.226 2507 _| KD.2050- 3192 


FITS: Conference attendance. Gratuity. Housing furniture allowance. Free medical 
‘Kuwait. Free annual round-trip air tickets from country of citizenship or permanent 

allowance. Educa 
high school, Tax-froe 


tion foes fora maximum of three children in Kuwait from elementary throug 
salary. Currency is transferable without restriction. 60 days paid annual leave. 


METHOD OF APPLICATION: Curriculum vitae which should include the names of 3 referees; 
‘personal particulars; copy of the relevant pages of passport, qualifications with dates, career history 
teaching experienee, research accomplishments and where appropriate clinical experience should 


bbe sent no later than 60 days from the date of this advertisement 10: 
THE DEAN 
(RECRUITMENT OFFICE) 
FACULTY OF MEDICINE 
KUWAIT UNIVERSITY 
P.O. BOX 24923, 
13110 SAFAT, KUWAIT 
AX: (+965) S318454 


ScienceCaree! 
We know scence 


S.0rg, 


Tenure-track Faculty Positions in Immunology 


‘The Department of Medical Microbiology and Immunology at the 
cersity of Toledo College of Medicine, formerly known as Me 
University of Ohio (www.meduohio.edu), is seeking to hire several 
tenure-track faculty members atthe level of Assistant Associate Profes- 
sor, Immunology has re 
of institutional programmatic growth. Candidates must bold a Ph.D 
M.D., or equivalent degrees and have at least three years of relevant 
postdoctoral expericace (Assistant Professor) of faculty appointment 
(Associate Professor) Independent funding is highly desirable 


A successful candidate will be expected to develop'maintain an exter- 
tally funded, basic and/or translational research program in the fields, 
including (but not limited to) transplant immunology. autoimmunity, 
host immune responses to pathogens, and vaccine development and to 
participate actively in the departmental teaching mission, 


Applications should include: (a) CV, (b) a brief summary of research 
inierests, past accomplishments, and future plans, and (c) names and 
addresses of three references. All materials should be sent to 

‘Akira Takashima, M.D., Ph.D., Professor and Chairman 

Department of Medical Microbiology and Immunology 

University of Toledo, Health Science Campus 
3000 Arlington Ave. 
Toledo, OH, 43614-2598 


Applications will be reviewed immediately upon receipt. 


The University of Toledo is committed to diversity and equa 
opportunity. Applications from women and minority cansidates 
are strongly encouraged. 


DUKEBS NUS 


GRADUATE MEDICAL SCHOOL 


INGAPORE 
Director, Program in Emerging Infectious Diseases 


‘The Duke-NUS Graduate Medical School Singapore (GMS) is unique in 
bringing post-boccalaureate,rescarch-intensive medical education to Asia, 
and represents a truly global partnership between two leading universities: 
National University of Singapore and Duke University. The GMS shares a 
moder campus with Singapore's largest hospital and several national research 
centers. The GMS is creating a world-class, academically hased Program in 
‘Emerging Infectious Diseases that will bth enhance health cae in Singapore 
and serve as a national and inicnational resource of excellence in emerging 
infectious diseases. The mission ofthe Program faculty wil be to conduct, 
high-level basic and applied research, and 1 tain graduate students, post 
‘doctoral fellows, and physician scientists in the disciplines relevant to 
‘merging infectious diseases. 

We are secking an individual with exceptional scientific credemtials and 
leadership skills to head the Program, The position of fourding Director 
will include fll salary, a very generous start-up and five years of annual 
research funding. The Director will be provided with the space and resources 
Recessary to recruit 6-8 outstanding faculty members at all academic ranks. 
‘The packages for these faculty reeruits would include full salary, generous 
startup, and five years of annual research funding of up to SSSO0K'p.3., 
assuring a stable base of support that can be supplemented by competitive 
{grant awards, which are expanding rapidly in Singapore. The director and 
the faculty members he’she recruits will join the pioneering Duke and 
Singapore investigators already affiliated with the GMS (see 


Interested candidates should senda CV and the names ofthrce references to: 
Mariano A. Garcia-Blanco, M.D., Ph.D., Chair, Search Committee on 
Emerging Infections, Duke-NUS Graduate Medical School, Singapore 
bby email to: direetorid@gms-edusy 

‘The GMS is collaboration ofthe Duke University School of Medicine and 
the National University of Singapore. 


ASSISTANT/ASSOCIATE/ 
FULL PROFESSORS 
CHEMISTRY, STRUCTURAL 
BIOLOGY & DRUG 
DISCOVERY/PROTEOMICS 
The College of Medicine and the H. Lee Moffitt Cancer Center & Research | 
Fa ee itn 
ieimetmaata eeceremee— 
Lenns Bn drotbet ee Masry dane 
: meee, 
jaar 


Biolog ‘Sructurebased 
trate td cra content centny Boog sppeacion wilbe 


cyt cree ae ne mach ic 
‘Helo Cancer Cee tensed cave ices deans 


available such as NMR, sructurl biology, molecular maxing ig 
Uhroughput screening proteomics and microamay shared faites 


‘Chemistry, postion #11911: Synthetic one chemists looking for 
‘rong biologi ellaborators with o fore facies or ahi 
‘Stfitic onan chests looking fo a wide open research agenda age 
‘encouraged to apply. Successful cafidates rust posses a PLD. in 
‘gihetic oan chenstry or reid areas with preferred experince it 
molecular recognition ance Hoorganic’yifetiomedicnal chemistry. 


‘Structural biology, position #14600: Applicants ast posses a PLD. 
‘Suctual Biology oreuged ara a lave ademenntrated track weed 

‘Xray estllogply and the elucidation of struetur-function relaianships 
“Areas of eseah foes could include protein struturefuaction 
‘elalonships, potenidnig teractions al prtcinpratcin wractions, 
Experience inthe areas of growth factor sighalranedction, proteins 
Involve in oncogenesis oF turmr suppres, andl cell eye regulation bs 
refered Applicants should have astride to interact with scents 
‘ry in drug discovery an desig synthetic onganie chests 
land computational chemists 


Proteomics, position #18901: Candidates mist possewsa PAD. dessee 
‘a demonstrate expertise in Drug Discovery of Prteonicsin the 
‘cancer area wi a minkium of five years experience. Weare looking for 
indvcals with proven experience in cancer drug discovery experience in 
Un or developing preteen techniques wil be plu The india 
Will be expected t develop indepen, dab research projects and 
collaborate with other vestiges at Mot. 


Cans fr he tank of Asian Profesor oust tv al ea two gears 
pontletora espreee: Casas te ako Axe Ffece 
tnt ave apeeentack eee aukerske ka nad 
nocath ailatieadfheyrameysricrte atthe Ante Prdewor ket 
(Sans fr Ful redeaor musa have a roe tack reconed 
teheraka read nd atutiantcnedie pate ee Sk 
dmulntiaa fhe years capercre athe Avast Ree evel The 
Mt Cancer Ceacr and Reseach tte Natal Cancer ltd 
{Msigutedconpraiemine canes cvtet ant SP ofke avo 
‘Slay thst lata pick Ace oka sy we 


‘Crum eth eget a These we ek 
‘positions will be peste pate et 
win tC 


Please send cursculum vitae statement of research interests an the anes 
and ndlresses of tee of more references to Profesor Said Set, Dru 
Discovery Program, H. Lee Modi Cancer Cer, LSM Migrola Dxive, 
‘SRBS, Tampa Frida 012 Beectronic CVs prefered to 

‘sidselAicmo(itorg. The sckection commie wil 


‘pplicatins May 1, 2007 ana will eootine unl cia 
Inport: Please sate on sour cover ch ofthe 3 postions you sre 
applying fr by indicating the actual postion 


www.moffitt.org. 


Post Doctoral 


Fellowships 2007 


CSIRO 


CSIRO is Australia’s national science organisation with 
‘over 6,500 staff located across the country. It is one 

of the largest and most diverse research organisations 

in the world, with its research delivering solutions 

for agribusiness, the environment, information and 
communication technologies, health, advanced materials 
and manufacturing, minerals and energy, services, 
‘transport and infrastructure. 

The CSIRO Postdoctoral Fellowship Scheme provides the 
opportunity for postgraduates co undertake postdoctoral 
research projects within CSIRO for a period of three 
years. 19 postdoctoral positions are now being offered 
across a broad range of disciplines, as follows: 


Deep radio imaging Protein cross-linking, 


hniques: 
prints technologies tailored for 
Modeling of nanoscale 

heat transfer; biomedical applications; 
Advanced biomaterials 

sues by Structural studies on 


plasma processing: 


Ecosystem modeler for 
savanna and climate; 
Aumospheric 
instrumentation scientist in 
eosequestration studies; 
Molecular approaches to 
marine 

nutrient cycles: 

Multiscale modeling of 
bulk nanomaterials: 
Designing smart 

nuclear instruments 

~ mathematical/ 
computational physicist: 
Physical oceanographer 
Southern 

Ocean processes: 
Wireless ad hoc and 
sensor networks; 


the organisation of the 


basement membrane: 


Epigenetic mechanisms in 
an animal model: the aphid; 
Gut microbiome 
interrelationships and 


human health; 


Functional genomic 
approaches for plant 
resistance to sap-sucking 
insect pests; 

Early detection of 


Alzheimer’s disease and 


Drosophitia development of a blood 
chemorecepsiong diagnostic vest; 
Host-pathogen 


coevolutionary biology: _Biofibre informatics. 


Full details of the positions being offered can be found 
on the CSIRO Careers website. 


For further information, selection 
documentation and details on how to apply, visit 


www.csiro.au/careers 
Alternatively contact CSIRO on 1300 301 509 
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From life on Mars 
to life sciences 


For careers in science, 
turn to Science 


If you want your career to skyrocket, visit of Science, the premier scientific journal, and 
ScienceCareers.org. We know science. We are the long experience of AAAS in advancing 
committed to helping you find the right job, science around the world. ScienceCareers.org is 
and to delivering the useful advice you need. the natural selection. 

Our knowledge is firmly founded on the expertise 


Features include: 
* Thousands of job postings —_* Resume/CV Database ScienceCareers.org 


© Career tools from Next Wave Career Forum 
* Grant information 


We know science AAAS 


What’s 
your next 


Department of Health and Human Services 
National Institutes of Health 
National Institute on Aging 
Health Scientist Administrators 


Aging Physiology Branch And Biological Resources Branch 
‘The Biology of Aging Program (BAP) in the National Insitute on Aging (NIA),a major resarch component 
‘of the Nationa Intittcs of Health ( 

fortwo pesitions 


) and the Department of Health and Htuman Services (DHHS), is 


ca ree r ‘+ Health Scientist Administrator, Aging Physiology Branch - preferred expertise in the areas of mus 


cculoskeletal biology 


move? 


* Job Postings 
© JobAlerts 


© Resume/CV 
Database 


© Career Advice 
from Next Wave 


* Career Forum 


above, 


es for future research 


ofthe Wology of aging 
Get help from the experts. 


‘Cheryl Caponiti at (301 


~ Announcement Numbers: NLA-07-181800-DE-CR and NUA-O7-18 
‘Administrator, Aging Physiology Branch) and NIA-07-178013-DE-CR and NIA-O7-178014-MP-CR 
(Health Scientist Administrator, Biological Resources Branch), Ifadditional information is needed, call 


inchading basic bone, muscle andor cartilage biology and/or extensive research 


‘background in cel biology, molecular biology and physiology. The incumbent will work with a team 
‘of Health Scientist Administrators covering the areas of cardiovascular, immunology, physiology and 
‘endocrinology of aging including research on stem cell biology and aging that is administered by the 
‘Aging Physiology Branch. Incumbent will provide scientific and administrative leadership in assisting 
inthe direction and management of a program of rescarch in the area of Musculoskeletal Biology: The 
selected candidate will assist in the program development and admini 

rants, fellowships and cooperative agreements and contracts dealing withthe areas of expertise listed 


tion of research grants, raining 


Health Scientist Administrator, Biological Resources Branch ~ preferred expertise in the use of 
animal models, and inthe arcas of cel and molecular biology, physiology or biochemistry. Incumbent 
will provide scientific and admastrative leadership n a 
‘program of research in the arca of Animal Models of Aj 
program development and administration of research grants, training grants, 
agreements, and contracts dealing withthe areas of expertise listed above, 

Both postions involve close interaction with scientific investigators, sientfic administration of grants and 

‘contracts, program planning and development, reporting on scientific progress and identifying opportuni- 


sting in the dite 
i. The select 


and management of a 
idate will assist in the 
whips, cooperative 


‘Salary is commensurate with qualifications and rescarch experience (rescatch experience in asic aspects 


and app 
‘opm. gov/a9nih.asp 
MP-CR (Health Scientist 


S147, Apia mat be received no air than July 13,2007, 
DHHS cnt NIH are Equal Opportunity Employers @® 


Faculty Position 
in Immunology 


‘The Department of Microbiology and Immunology at Tulane University 
‘choo! of Medicine invites applications fora tenure track faculty position 
{n immunology at the rank of Associate Professor or Professor. We are 
primarily interested in investigators whose tesearch complements existing 
strengths in hostpathogen interaction and vaccine development, although out 
sanding investigators working in other areas of immunology are encouraged 
to apply, The successful candidate will join a multidiseiplinary department 
focusing on molecular, cellular, and yenetic aspects of infectious diseases and 
‘cancer, He’she is expected to possess and maintain a dynamic, extramurally 
funded research program and to contribute to the teaching of medical and 
traduate students 
Tulane University is a world class educational and research institute. In the 
post-Katrina ea, Tulane University School of Medicine is undergoing a period 
of unprecedented expansion and renewal; and will be hiring new faculty at 
all ranks. The Departinent of Microbiology and Immunology offers generous 
recruitinent packayes, renovated laboratory space, and an interactive environ 


iment, For further information about the Department and Tulane University 


hoo! of Medicine, vist our web site at: http:/heww.som.tulane.edu/ 
separtments/microblolegy. 

Essential qualifications for the postion include a Ph.D. of M.D. degree and 
2 demonstrated record of accomplishment in extramural funding. publica- 
tion, and teaching. Applicants should subenita curricula vitae, statement of 
research interests and goals, and the names, addresses, e-mail addresses, and 
telephone numbers of tree qualified references to: Faculty Search Com- 
tittee, Tulane University Health Sciences Center SL38, Department of 
Microbiology and {mmunology, 1430 Tulane Avenue, New Orleans, LA 
70112. Completed applications may be sent by -mail to aepickéatulane.edu. 
Initial review of applications will begin July 1, 2007 and will remain open 
until the positon is filled, 

Tidane University és an Equal Opportunity, Affirmative Action Emplover 
‘and encourages applications from minorities, women, and other 
‘qualified persons 


THE Chair 
University Department of Biology 
OF lowA 


The College of Liberal Arts and Sciences seeks a Chair for the Depart- 
ment of Biology atthe rank of Professor, The candidate should be an 
ling research pro: 


smoce of our existing strengths in cll and de 
tion, genetics, and neurobiology. 


opmental biology, evolu- 


The Department has embarked on an aggressive program of growth 
that includes ongoing faculty recruitment, the recent modemization of 
the biology comples, and the addition of a new building. It is active in 
Iinterdisciplinary programs, withstrong tes wo the other colleges involved 
in biomedical research. The Biology faculty is well funded by both 
{federal and private sources. The successful candidate will bring vision, 
energy, anda demonstrated commitment to diversity to shape the future 
‘ofthe Department through hiring and mentoring of new faculty. with 
aan aim to Further improve the Department's strong national reputation 
for research and teaching. More about the department may be viewed 
at www.biology.uiowa.edu 


‘The Applicant should subsnit a curriculum vitae, a statement of research 
{interests and administrative philosophy, ann the names and addresses of| 
at leas three references to: Dean Joseph Kearney, College of Liberal 
‘Arts and Sciences, 240 Schaeffer Hall, The University of lowa, lowa 
Gity, LA 52242-1409, Applications accepted by mail or electronically 
to biology-chairscarch ‘a ulowa.edu 


The University of lowa is an Affirmative Action/Equal Opportunity 
Emploser Minority candidates and women are encouraged to apply 
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ScienceCareers.org, 


From physics to nutrition 


For careers in science, 
turn to Science 


Looking for a great 
science career? 
y 


If you want your career to bear fruit, don’t leave it to firmly founded on the expertise of Science, the premier 


chance. At ScienceCareers.org we know science. We are scientific journal, and the long experience of AAAS in 
committed to helping you find the right job, and to advancing science around the world, ScienceCareers.org 
delivering the useful advice you need. Our knowledge is is the natural selection. WWw.SCiencecareers.org 


Features include: 


* Thousands of job postings _* Resume/CV Database ScienceCareers.org, 


Career tools from NextWave —* Career Forum 


We know science 


* Grant information 


Searching for Information 
on Career Trends? 


Don't miss Science’s Career Features for the 
latest in career reports and practical advice. 


UPCOMING FEATURES: 
May 11: Focus on Diversity 
June 8: Regional Focus: NC/Research Triangle 


June 22: International Careers Report: 
UK and Ireland 


Get the experts behind you. 


www.ScienceCareers.org 


* Search Jobs 
* Next Wave now 


pat of ScienceCareers.org 


* Job Alerts 


* Resume/CV 
Database 


* Career Forum 
* Career Advice 


* Meetings and 
Announcements 


* Graduate Programs 


All these features are 
EE to jab seekers. 
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POSITIONS OPEN 


apo Mean 
"Conerct ee 
BIOGERONTOLOGY 
University of Michigan 

The University of Michigan Geriatrics Center is 
seeking one or more junior or senior ficuty mem: 
bers to carry out independent research focused on 
the biology of aging and its impact on late life 
pathophysiology. Research that emphasizes mamma 
Tian models, oF use of proteomic and genomic ap 
proaches, would be of particular interest. Successful 

ndidates will be housed in_newly.constnacted 

iatrcs Center space, andl will rxcive a primary 
rc-track of tentired appointment ina basic i 
ce of dinical Department a8 appropiate. Mini 
‘mum qualifications are a Ph.D,, MLD., of equivalent 
degree, several years of highly’ productive postdoc 

al esearch, and a clear anterest in problems rel 
ant to biogcrontology. Substantial startup funding 
‘ill be available for each selected candidate 

Applicants should subnit curriculum vitae, a brief 

o-page) research interests, 

4 synopsis of current and peevious research support, 
and contact information for theee to five referees, (0: 
Rich Miller, 3001 BSRB, P.O. Box 2200, 109 
Zina Pitchet Place, Ann Arbor, MI 48109-2200. 

"The Unive of Michigan ican Esual Oppertonty Ei 
ployer commited to mantdning dieniay int 
pox. 


PHARMACOLOGY ASSISTANT PROFESSOR 
‘Tenure Track, Begin July 1, 2007 

‘The Philadelphia College of Pharmacy, the found 
ingot of he Unni of te Secs in 
adelphia, invites applications for a new position 
the Deparment of Pharmaceutical Sciences. Ph.D. 
‘egrce a area relevant to pharmaceutical iene 
strong research interests that complement existing 
areas within the Department, and demonstrated 
Fecont oF potential of obeaining. extramural Funding, 
required, Successful candidate will teach pharmacol 
ogy at undergraduate, profesional (Pharm.D), and 
iraduate levels 

The Department consists of 13 tenure-track an 
two nontenure-track faculty, thece postdoctoral fel 
lows, five staff members, and approximately 165 un: 
ergraduates inthe B.S. Programs in Pharmacol 
Toticology and Pharmaceutical Sciences, a6 well 38 
about 58 graduate students, The Department has 3 
stareobtheart, Awociation for Awewment and Ac 
creditation of ‘Laboratory Animal Care-accredited, 
Fully staffed vivarium, tisue culture Flltes, and 3 
wide array of analytical instruments including. high 
performance kiquis chromatography, liquid chroma 
togeaphy/mass spectrometry, flow cytometer, ab- 
sorbance and fluorescent plate readers, image 
analyzers and scanning electron microscopes. Our 
manufacturing/industrial pharmacy laboratory is 
‘used for teaching and academic/contract research 
‘Our new MeNeil Science and Tech Center provides 
inercased space for research and/or teaching i ine 
with the University's strategic imperative to increase 
rescarch activities. We also have fluorescence spec 
trophotometers, inffared spectrometers, nuclear 
magnetic resonance, and confocal microscopes. 

For more information consult our websi 
hutp://wwwasip.edu. Submit curriculum vitae, 
Teter of application that addresses research interests 
and teaching experience, and contact information 
for (a minimum of) three references as soon as pos: 
sible ta: Ruy Tchao, Ph.D., Chair, Faculty Search 
Committee, 600 8. 43rd Street, Philadelphia, 
PA. 19104," email: etchao® ‘telephone: 
215-596-8978. Application review wil begin im 
‘mediately and will be aceepted until position i filled 
“Affemative Acton/ Eu Oppornnty Eneployer 


776 


HAYWARD ENDOWED CHAIR in 
GENETICS, GENETIC EPIDEMIOLOGY, and 
COMPARATIVE MEDICINE 

‘The Department of Cormparstive Pathobiology in 
the School of Veterinary Medicine at Purdue Ui 
weniny lnvecs applicates for the Hayward Ex 
Towed Chair in Genetics, Genetic Epidemiology, 
and Coonporate Modicioc ean tnciibaal with 2 
Gissblahe teoard of scholarship. Ia compara 
{Eenomice and genom: approaches to discise pre- 
Sention, lndividuake with caperte in the ara® of 
“Somparative oncology and enironment-gene inter 
Setons in the etiology of cancer are especial invited 
{> app. The School is commited to balding. 2 

rogram in comparative grnownics and has dedlcatcd 
Three addndonal cll’ postions. ‘The succesful 
‘andiate for the Hayward Endowed Chair will have 
the eppormusigy vo pardcipane in the scarch are so 
Cruithene of tise poations with the geal of build 
ing a focused resarch and taining program, For 
information on the Department ples vit webs 
huep:/ /www.ret parduc.ed/epb/~ 


induc Univenity 6 underpin 3 aid © 
sion of life sciences and biomedical roe, Th 
Univenity tas an NCI-designated cancer center 
ma se-edu/) and 


(website: hetp:// www cancer 
few boratoy fas for nt 
in Discovery Park (website: http://www purdve, 
cdu/dp), including the Bindky Boxience Center 
Snd‘the birch Nanotechnology Center. Additional 
‘opportunities for collaboration and trandational re 
Search are avalable through the expanding coopers 

on with the Indiana Unnersity School of Medicine 
in Trdinapots 

Candidtes shoul have a Ph.D., MLD. and/or 
D.VAM. or equialene degrees and a succesful recont 
fof scholarship ant extramural scars farting They 
Shoukt have a commament to the educational an 
‘outreach masions of the University. The successful 
‘andifate ts expected to have the qualifications for 
Sppointment atthe Full Profesor keel. This sa ten 
month academic year appeantment 

Applicants shexk! sbi va mail complete cur 
sicolam vies, statement of rescarch and teaching 


versity. E-mail: whiteb@ purduc.edu. Review of 
applications will begin June 1, 2007, and continue 
‘until the position is filled. Women and individuals 
{in underrepresented groups are encouraged to apply 
Prntue Unmenity & 4 Esl Oppernnity/ Equal Aas 
Affemasive Acaon Employer 


POSTDOCTORAL PostT1o? 
‘TRANSLATIONAL IMMUNOLOGY 
Yale University School of Medicine 
Postdoctoral position to study the moleculr, 
cellular, and immunobiology of the innate imune 
‘sponse availble atthe Tale School of Modine 
‘Gohuinaes shoul have a Ph.D. degree and caper 
in molecular biology, microbial pathogenews.or 
Immunology. The research wal be under the super 
‘ison of Richard Bueala, MLD., Ph.D. in the De 
fratment of Interal Medicine. Pease submit your 
rrculum vitae along wh 


POSTDOCTORAL POSITION .wsilable im- 
mediately the Transplant Immunology Laboratory, 


onthwestemnUnersy, Chicago, 10 sun toler 
ance in tansplant mods. The positon requires 2 
Ph.D or equhaleat with background in immuno 
fy, molecular and cal biology. Asimal expericnce 
Faricubariy microm Shih peeeed bat not oe 
Gevel. Seed comcsbon Vie tor Xantowy Lao, 
BID. PR, Norden User, ema 
unrongluoBnorthmestera.clu. 


POSITIONS C 


Se 
SENIOR RESEARCH SCIENTIST FOR 
‘CHEMISTRY 
U.S, Army Research, Development and 
Engincering Command 
‘US. Army Edgewood 
‘Chemical Biological Center 
Aberdeen Proving Ground, Maryland 
‘The US. Amy Edgewood Chemial Bic 

ical Caer sel Seice Stat t co 
Tesch in chetnial dense Primary areas of 
Interet ar reacton mechan, reaction hint. 
icy aan analicl chery and molec: 
Uae ecopsiion technologies. The stccestil 
‘indidate wil condoct targeted boratory 
stad to Al ciel information gap, inch 
ig characterization ‘of agent piysical and 
chemical properties, development of toxic 
ictal degen of ee fe it 
3 appkcaton of ds research cludes dete 
tion ant davontamination of chemical gees 
Incumbent wil ace areas vestigation In 
findanental chan chemistry reaction dy 
amis, or rc apes of expcittal py 
sama Th oan rps a PD 
Chemisty, pefembly” physical chemistry, ot 
ual etpericnce al mint poset 
in anata method 
background in relevant research, Candidates 
sunt fe able vo work independent 
Sonu, Unedeyh resin and sn 
nny capercne an demonstrat cresty 
dha ratty tog gun, ene 
Zini/or spine publications rc cia 
Appana fortis ition mut olain and 
snintan acre weary charac. US. icon 
ship required Sar commensurate with exper 
nue ($1 $139,024 to $152,000), Yor tae 
an specie 
cement DAST-O)-08 a website: 
inepe//www:usajobsgov. Deadline for ap: 
pation 618 June 2007 
The LS Any at pal prot ope 


LECTURER in the BIOLOGICAL SCIENCES 
‘The University of Chicago Biological Sciences 
Collegiate Division 

[iological Sciences, The University of Chicago ine 
vites applications for a nontenure-track, four-quarter 
Peition as LECTURER-CORE BIOLOGY LAB- 
ORATORY DIRECTOR saning sll 2007. The 
responsibilities will incde teaching one section per 


‘quarter of introductory biology for nonmajors, plan 
ning, coordinating, and teaching all scetions of the 
State-ot the-art introductory” biology laboratories, 


snd coordinating the biology laboratories with the 
‘co-requisite Biological Scicnces. Writing, Program 
‘courses. Further, the postion will include opportu 
hitics to design and develop curricula for both the 
lecture and the laboratory portions of ou 

tory biology py 

broadly trained Ph.D. applicants with 
research experince ani competency in ell anc moles 
tar, genenes, microbiology, physiology, and ecology 
land evolution at the intrexluctory level In addition, 
he/ahe may also develop and teach an introductory 
‘course for nonmajors in one of these areas. Sena eur 
ficuhim vitae, three leters of rofaence, and asa 
ment of teaching interest by June 18, 3007, to: Kil 
Roberts, The University of Chicago, 924°E. 87h 
Street, Room 328, Chicago, IL, 60637. Tire Un. 
feoty of Chas i at ual Opporauty/Afomative Action 
Exmplye. 
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Inflammatory 


Diseases of Barrier Organs 
July 12-14 2007 in Kiel/ Germany 


The understanding of the function of an intact bar- 
rier and the pathophysiology of its impairment in 
diseases affecting barrier organs is of increasing 
clinical importance. In the National Genome 
Research Network (NGFN), key molecular path- 
ways in chronic inflammatory disorders such as 
Crohn’s disease, asthma, psoriasis and sarcoido- 
sis have been discovered. Focus of the research 
consortium is the genetic and functional genomic 
exploration of innate and adaptive immunity and 
the interplay with environmental factors. 


The international NGFN-Symposium Inflammatory Barrier Diseases Meeting 
2007 will represent many of the leading research groups in this field. A comprehen- 
sive programme is offered that will discuss primary genetic etiology, epithelial 
defence mechanisms, the molecular pathophysiology of impaired barrier integrity 
and its translation into clinical research programs. A satellite meeting dealing with 
the genetics and functional genomics of human aging will complete the programme. 


Especially young researchers are invited to join the symposium. An interactive 
poster session but also the social events will ensure discussions between a 
renowned international faculty and young colleagues. The presenters of the 
20 best posters will be awarded a travel stipend for the symposium. 


We are looking forward to welcoming you and your colleagues in Kiel! 


Find more information, programme and registration forms at: 


www.ikmb.uni-kiel.de/bm2007 
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[MOLECULAR INTERACTIONS 
University of Victoria, Victoria 
riseh Columb, Canada 
The Department of Brchemiry and Mico 
ogy invcrsppiatons fora tenurearack ASS 
ANT PROMESSOR: Wear pantulr incest 
tht BIOCHEMISE who far a nacarch fas of 
molecular eactins ‘in inwmunclogy or bacehal 
pathopencan ‘The appomunent ito complonent 
Casing arengshe kt pacromelocoe srocore ck 
fear Oped, repute of gene Caproni 
icy and neo sas Appesion rom 
Cccelen sent working mer areas of 
ns wil be conser, The Univeraty of Vi 
vcqwencing. and 
dlogtpay, There ar apc oppor 
to callboate wit recardr i the acu of 
Stiene, the Bld Meal rogram, and the Bai 
Cohwnbia Canccs Research Cones The appormtee 
Wil be expected ceva viparoen txitpontca 
resarch program, fined by external soppore, and 
fara in texting he Warde cic 
fy The ware ate uly 2008 
Guliicationsincade 2 Ph.D. prtdoctoral expe 
rience demonmatl car exons an tac 
poten: tate of apptcation sald ceay 
Tinerescarch and vaching interests, be accompa 
are prone the mame ae con 
tat infomation of a kant tne sceecs Appice 
tle should abit by Tuy 13,2007 
Al quid canes an encouraged! co apps 
homer in accordance witb Canadian Imari 
repute, Canadians nnd permanent rede 
wil be pre prey 
Dr Rober Bk ha 
Deputment of Bohn and Microbiology 
nity of Vicoria 
20" Boe 3088 STN CSC 
Victoria Be VBW SP 
‘Canada 
E-mail Bocmicr@uvicca 
Website: hap:// website 
The Uni of Ver 
nd Prk 
‘al athe eh mF 
faerie of be Cnty 
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UNIVERSITY of NEW MEXICO 
Department of Cl 


The Department of Chemistry and Chemical 
ogy at the University of New Mesico ( 

invites applications and nominations for an open: 
rank faculty position in chemical biology. This is a 
probationary appointment leading to a tenure 
Ucdision or may be tenured depending on the title 
and qualifications, “The University 18 located in 
beautiful Albuquerque, New Mesicn, in close pos 
imity to the Sandia National Laboratories and L 

Alamos. National Laboratory. Opportunities for 
ccolliborations with the National Laboratories and 
With other research centers on campus are abundant 
and strongly encouraged. Both beginning and 
tablished investigators are welcome, but must have 
4 Ph.D. by appointment date with strong training in 
‘one oF more areas of bioorganic /bxichemistry 
Postdoctoral esperience, the potential for excellence 


ant nationally competitive pee 
gram at the University and national levels are 
pre _ or complet norman yu mat css 
Faculty Postings, or requests copy of the ansiounce 
ment fiom the Search Chair. For best considera 
tion, applications should be received by May. 30, 
2007. “The postion will eemain open unt filed 
Website: httpi/ /chemistrysnmieds UNM 620 
quit Employment Opporniy Alienate con Em 
ployer Rdwatr ad « noun iy seine into. 
The Dayan! soy omnis woman and ine Yo 
only 


778 
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SITIONS OPEN 


D> COLLEGE + PHARMACY 
DEAN, COLLEGE of PHARMACY 
‘The University of Texas 
The University of Teas at Austin invites nomi- 
nations and applications for the position of Dean, 
College of Pharmacy 
The University of Texas at Austin isthe oldest and 
largest of the University of Teaas System's 15 com 
jponent institutions. It has a main campus of more 
than 350 acres and 115 buildings, approximately 
50,000 students, about 2,800 faculty members, and 2 
‘aif of more than 14,500. The College of Pharmacy 
has 44 tenure/temure-track faculty, 45. nontenure 


ested (0 provide 
the college: We arc looking for a dynamic, co 
leader with outstanding abitice i communication, 
rescarch, and scholarship, administration; fundrais 
ing; teaching; and serie to the community. Evi- 
dence of having sccured financial support for research 
and/or educational purposes and knowledge of, oF 
experience in, raising funds from alumni and in the 
[public and private scctors must be shown. The Dean 

he Exccutive Vice President and Provost 


The candidate must qualify for appointment to the 
rank of Profesor with tenure in an academic unit of 
the college and have an eamed Ph.D. in Pharmacy or 
a related pharmacy fickd and/or a Pharm.D. with 
appropriate residency or fellowship training. An an 
dergradvate pharmacy degree (BS, or entry-level 
Pharm.D.) is preferred. The Dean must demonstrate 
4 strong national and international recond of academ 
fe accomplishmer 
We welcome interested parties to submit applica 
‘materials by June 15, 2007. Review of applica 
‘wll begio immediately upon receipt ant will 
che finalists are named. Letters of 3p 
plication from interested candidates should be sub 
ited ekctronically (only), along with curriculum 
vitae and the names of fist references, to the fol 
lowing e-mail address, e-mail: phrmdean@uts.cc. 
utexasedi. 

Robert O. (Bill) Williams 111, Ph.D. 
Johnson & Johnson Centential Brofessor of 
Pharmacy 
‘Consultative Committee for the Selection of the 
Dean of Pharmacy 
College of Pharmacy 
‘The University of Texas at Austin 
‘Austin, TX 78712 

-mull address for inguirics: e-mails phemdean 
uts.cc-texas.edu. 

The Univesity of Tats is ay igual Oppertniy a 
Afirmaive Acson Employer. 


POSTDOCTORAL SCIENTIST POSITIONS 
We looking to fill filly supported Postdoctoral 

positions at Seattke Biomedical Research In 

{SBRI). These positions are in the Laboratory 


Dr. Patrick Duffy (website: hrsp:/ /www.sb 
copy coach bath amp) aed Dee Lie SSE 
website: research /stamataton, 
asp). The resatch will be conducted at SBRI ( 
‘Website: hep://www.sbei.ong), an independe 
Tonprofc research institute that waited withthe 
University of Washington. SBRI's research fcility is 
in the Sxtdeveloping South Lake Union biotech 
nology hub that & home to many rescarch organi 
zations of the forefront of life scence research. 1 
Addition to an exciting work environment, we ako 
‘fcr a competitive salary and benefits package. Ap 
ply online directly to the SBRI job postings webpage 
ft website: heap:/ /www.sbriLorg. SBR/ value 
ene worth and at Exual Onpertanity Employer. 


POSITIONS OPEN. 


DIRECTOR. Applications and/or nominations 
are sought for the Director of the new Washington, 
Wyoming, Alaska, Montana, Idaho (WWAMI) 
Mealcal Education Program at Washington State 
Universiy-Spokane. This position is ako appointed 
as Assistant Dean at the University of Washington 
School of Medicine. Please soe our full ad in the 
Apsil 27, 2007, issue of Scie or visit us online at 


website: tp: //www rs. wsued. 


Find 
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Careers Forum 
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Call Ab 
ox 314896800988 


2800838363362. 


+ Sp ‘CPG Supports 

+ 3, Spacers, & Modifiers 

T Bulk Reagent Pricing Available 
BIOSEARCH — +1,800.GENOME.1 


TECHNOLGIES enthest.com 


www sciencecareers.orq 


For news and 

research cience® 
with , 
impact, 
turn to 
Science 


Crossing 


There's only one source for news and research with the greatest impact ~ Science. 
With over 700,000 weekly print readers, and millions more online, Science ranks 
as one of the most highly read multidisciplinary journals in the world. And for 
impact, Science can’t be beat. According to the recently released Thomson SI 
Journal Citation Report 2005, Science ranked as the No.1 most-cited 
‘multidisciplinary journat with a citation factor of 31. Founded in 1880 by inventor 
Thomas Edison, and published by the nonprofit AAAS, Science’s reputation as 
the leading source for news, research, and leading edge presentation of content 
continues to grow. Looking for news and research that will impact the world 
tomorrow? Then look in Science. 


www.sciencemag.org 


Tojoin AAAS and receive your own personal copy of Science every week goto wwrm.aas.org/join 


Features and Benefits 
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